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PREFACE 

This  final  report  for  the  Stratford-Avon  River  Environmental 
Management  Project  represents  the  culmination  of  comprehensive 
urban,  rural  and  in-stream  studies  initiated  in  April,  1980,  at  the 
request  of  the  City  of  Stratford. 

Active  field  investigations,  remedial  demonstrations,  monitoring  and 
technical  analyses  were  largely  completed  in  1980  and  1981.  By  the 
establishment  of  an  Advisory  Committee,  formal  public  contacts  were 
maintained  throughout  the  duration  of  the  project  with  municipal 
representatives,  the  Perth  County  Federation  of  Agriculture  and  the 
Perth  County  Soil  and  Crop  Improvement  Association.  Development  of 
a  preferred  pollution  control  strategy,  preparation  of  supporting 
technical  documents  and  meetings  with  the  public  and  elected 
officials  were  carried  out  during  1982,  the  latter  to  assist  in 
formulating  an  overall  strategy  that  would  hopefully  gain  general 
acceptance  for  future  implementation. 

Principal  funding  for  the  Stratford-Avon  River  Environmental 
Management  Project  was  afforded  by  the  Ministry  of  the  Environment. 
However,  a  planning  and  investigational  approach  involving  three 
task-oriented  sub-committees  -  Rural,  Urban  and  Stream  Management, 
was  made  possible  through  the  co-operative  efforts  of  many 
individuals  representing  a  number  of  agencies.  Most  of  the  work  on 
rural  components  of  the  study  was  achieved  through  a  contract 
arranged  with  the  Upper  Thames  River  Conservation  Authority.  Other 
contributions  to  sub-committee  activities  were  made  by  staff  of  the 
City  of  Stratford,  the  Lands  Directorate  of  Environment  Canada,  the 
Perth  County  Soil  and  Crop  Improvement  Association,  the  Ministry  of 
Natural  Resources,  the  Ministry  of  Agriculture  and  Food,  the  Upper 
Thames  River  Conservation  Authority  and  the  Ministry  of  the 
Environment.  Lists  of  persons  serving  on  the  three  sub-committees 
and  the  Management  and  Advisory  Committees  for  the  project  are 
included  in  the  Appendix. 
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Specific  courses  of  action  resulting  from  completion  of  this  project 
will  be  arrived  at  through  decisions  taken  by  the  Ministry  of  the 
Environment  and  the  City  of  Stratford  in  regard  to  point-source 
pollution  impacts  and  through  negotiations  with  staff  of  other 
participating  agencies  and  municipal  government  officials  concerning 
non-point  pollution  sources. 
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1.  SUMMARY  AND  RECOMMENDATIONS 

1.1  Sufmary 

Over  the  period  1980  to  1982,  an  interdisciplinary  team  of 
researchers  investigated  the  nature  and  causes  of  water  quality 
problems  in  the  Avon  River  watershed,  and  identified  solutions  to 
these  problems.  Their  studies  comprised  the  Stratford/Avon  River 
Environmental  Management  Project  (SAREMP).  The  principal  purpose  of 
SAREMP  was  the  development  of  a  comprehensive  water  quality 
management  plan  for  the  Avon  River  Basin  encompassing  both  urban  and 
rural  sources  of  pollution.  In  addition,  the  study  has  continued 
the  work  of  previous  programs  such  as  the  Pollution  from  Land  Use 
Activities  Reference  Group  and  the  Thames  River  Implementation 
Committee  in  stimulating  understanding  and  progress  in  the 
environmental  management  of  diffuse  agricultural  sources  of  water 
pollution. 

The  Avon  River  is  a  tributary  of  the  North  Thames  River.  The  river 
basin,  covering  161  km  ,  is  an  extensively  developed  agricultural 
region  with  the  City  of  Stratford  at  its  centre.  The  urbanized  area 
occupies  a  relatively  large  proportion  of  the  total  land  area  (8%). 
Accordingly,  it  exerts  a  significant  influence  on  the  flow  and 
quality  of  water  in  the  Avon  River  through  inputs  from  its  water 
pollution  control  plant  and  its  storm  sewers.  These  are  the  sources 
of  toxic  chemicals  that  are  found  in  the  river.  Combined  with 
agricultural  inputs  associated  with  soil  erosion  and  the 
mismanagement  of  livestock  and  manure,  urban  sources  have  created  a 
river  that  also  suffers  from  nutrient  enrichment  and  bacterial 
contamination.  Nutrient  enrichment  results  in  part  from  sediment 
reaching  the  river  through  erosion  of  agricultural  land,  which  tends 
to  reduce  farm  productivity  as  well  as  posing  an  environmental 
problem. 

Through  SAREMP,  the  instream  consequences  of  water  quality 
impairment  in  the  Avon  River  were  investigated,  and  the  pollution 
sources  were  inventoried,  monitored  and  analyzed.  A  range  of 
possible  measures  were  considered  to  abate  pollutant  inputs  or 
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remedy  the  instream  consequences  of  these  inputs.  Demonstrations 
and  experiments  were  mounted  to  better  assess  the  impact  of  the  more 
promising  measures  and  to  stimulate  interest  in  and  receptivity 
towards  remedial  efforts. 

Recommended  management  measures  were  selected  on  the  basis  of  their 
expected  water  quality  impact,  practicability  and  ease  of 
implementation.  Additional  recommendations  dealing  expressly  with 
implementation  were  developed  for  a  rural  diffuse  source  program. 

Provincial  Water  Quality  Objectives  and  guidelines  constitute  the 
major  focus  of  recommendations  developed  within  SAREMP.  The 
Objectives  and  guidelines  support  the  water  quality  goals  and 
policies  that  are  used  by  the  Ministry  of  the  Environment  in  its 
planning  and  regulatory  activities  to  protect  aquatic  life.  It  is 
recognized,  however,  that  agencies  and  individuals  who  will 
eventually  act  on  SAREMP  recommendations  must  take  into  account  the 
direct  and  indirect  costs  of  remedial  actions  and  the  benefits 
associated  with  improved  water  quality.  These  costs  and  benefits 
have  been  identified  and  quantified  to  the  extent  possible  within 
the  SAREMP  exercise. 

1.2     Water  Quality  Problems 

The  most  extensive  water  quality  problem  in  the  Avon  River  is 
phosphorus  enrichment.  Four  thousand  eight  hundred  (4,800) 
kilograms  of  phosphorus  are  estimated  to  enter  the  river  system  each 
summer.  Summer  concentrations  in  the  main  channel  of  the  Avon  River 
average  0.06  mg/L  above  Stratford  and  0.09  mg/L  at  the  mouth.  At 
these  levels,  excessive  algal  growth  is  promoted  and  the  river 
becomes  eutrophic.  The  dense  algae  causes  extreme  fluctuations  of 
dissolved  oxygen  concentrations  to  the  detriment  of  other  aquatic 
life. 

A  portion  of  the  phosphorus  load  is  associated  with  soil  particles 
eroded  from  agricultural  lands.  These  particles  are  also  the  major 
source  of  stream  sediment  loads  that  can  harm  aquatic  life. 
Moreover,  as  they  settle  in  municipal  drains,  they  hamper 
agricultural  drainage. 
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Provincial  Water  Quality  Objectives  for  airmonia  and  chlorine  are 
violated  below  Stratford  as  a  direct  consequence  of  urban  inputs  to 
the  river.  Bacteriological  inputs  to  the  river  above  and  below 
Stratford  are  high  enough  to  pose  a  potential  health  hazard  to 
humans  and  livestock.  Finally,  there  is  a  limited  problem  with 
certain  heavy  metals  in  the  river,  both  above  and  below  Stratford. 

1.3     Recommendations 

The  order  of  presentation  of  recommendations  below  is  not  meant  to 
imply  a  priority  ranking.  However,  comments  in  the  discussion  do 
provide  some  sense  of  the  importance  of  each  recommendation. 

1.3.1    Remedial  Stream  Management 

The  Avon  River,  like  other  eutrophic  waters,  exhibits  an  abundant 
growth  of  nuisance  algae  and  other  aquatic  plants  wherever  growing 
conditions  are  suitable. 

Since  adequate  light  is  a  prerequisite  condition  for  algae  to  grow, 
it  is  recommended  that: 

WHERE  FEASIBLE,  SHADE  TREE  PLANTNG  ALONG  THE  AVON  RIVER 
SHOULD  BE  USED  TO  CONTROL  ALGAL  GROWTH  BY  LIMITING  LIGHT 
THAT  REACHES  THE  ALGAE. 

Shading  provided  by  bankside  trees  seems  to  be  an  effective  means  of 
reducing  algae  growths  by  50%  to  80%.  Thus,  where  riparian 

conditions  are  suitable  and  where  water  quality  is  impaired  by 
excess  algae,  tree  planting  can  be  a  cost-effective  long-term 

remedial  action.  Emphasis  must  be  attached  to  "long-term",  since 

seedlings  must  be  allowed  to  mature  before  a  canopy  capable  of 
shading  the  river  will  develop. 

The  extended  time  frame  involved  here  poses  a  basic  constraint  on 
the  implementation  of  this  recommendation.  From  the  point  of  view 
of  reforestation,  there  is  a  long  period  during  which  young  trees 
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are  vulnerable  to  ice  and  flood  damage.  Apart  from  this  physical 
risk,  there  is  the  risk  that  private  land  owners  may  make  decisions 
regarding  land  use  that  can  nullify  the  results  of  years  of 
painstaking  reforestation  efforts.  These  problems  suggest  that 
shade  tree  planting  along  the  lower  Avon  River  should  be  considered 
only  within  the  context  of  a  comprehensive  habitat  management  plan 
for  the  Avon  River  valley  developed  by  the  Upper  Thames  River 
Conservation  Authority.  The  plan  should  incorporate  long-term 
safeguards  against  adverse  changes  in  land  use. 

Wetlands  preservation  is  a  concern  closely  associated  with  habitat 
management  along  rivers.  Wetlands  are  important  wildlife  habitats 
in  their  own  right,  but  they  may  also  influence  water  quality  in  the 
Avon  River  by  providing  higher  base  flows  which  are  better  able  to 
assimilate  downstream  waste  inputs.  Early  in  the  study, 
consideration  was  given  to  augmenting  these  base  flows  using  ground 
water  as  a  means  of  improving  water  quality.  This  project  proved  to 
be  infeasible  since  ground  water  supplies  were  inadequate.  Little 
can  apparently  be  done  now  to  increase  stream  flows  in  the  Avon.  It 
would,  however,  be  wise  to  continue  the  wetland  preservation  program 
of  the  Upper  Thames  River  Conservation  Authority  in  order  to  assure 
that  drought  flow  conditions  do  not  become  more  prevalent  because  of 
the  loss  of  source  areas  such  as  the  Gadshill  swamp. 

1.3.2    Urban  Abatement 

Urban  recommendations  deal  in  turn  with  phosphorus  enrichment, 
bacterial  contamination  and  contamination  by  toxic  chemicals. 

Eutrophication  can  be  remedied  in  part  by  shading  the  river  as 
discussed  above.  This,  however,  does  not  eliminate  the  basic  cause 
of  eutrophication,  which  is  nutrient  enrichment.  For  the  Avon 
River,  as  for  most  eutrophic  waters,  phosphorus  is  the  critical 
plant  nutrient  causing  eutrophication.  The  tertiary  effluent  from 
Stratford's  water  pollution  control  plant  accounts  for  900  kilograms 
out  of  a  total  of  4,800  kilograms  of  total  phosphorus  inputs  to  the 
Avon  River  during  the  surmier.  It  is  therefore,  recommended  that: 


ADVANCED  PHOSPHORUS  REMOVAL  TO  ACHIEVE  A  TERTIARY 
EFFLUENT  TOTAL  PHOSPHORUS  CONCENTRATION  OF  0.1  mg/L 
BE  IMPLEMENTED  AT  THE  STRATFORD  WATER  POLLUTION  CONTROL 
PLANT  DURING  THE  GROWING  SEASON  (May  to  September). 

Currently,  the  summer-time  tertiary  effluent  concentration  of 
phosphorus  is  0.3  mg/L.  Implementation  of  this  recommendation  would 
produce  a  660-kilogram  reduction  of  overall  phosphorus  inputs  to  the 
Avon  River  over  the  May-to-September  period,  representing  about  14% 
of  total  stream  phosphorus  loadings  over  the  summer.  Moreover  the 
bioavailable  fraction  of  tertiary  effluent  phosphorus  which  aquatic 
plants  can  use  readily  would  be  virtually  eliminated. 

The  capital  cost  of  this  modification  is  estimated  to  be  $25,000, 
while  the  annual  operating  and  maintenance  cost  would  be  $11,500. 

The  recommendation  for  advanced  phosphorus  removal  will  reduce 
tertiary  effluent  phosphorus  loadings,  but  not  phosphorus  loads 
originating  from  flows  of  sewage  that  bypass  the  tertiary  treatment 
system.  Such  "bypass"  flows  occur  when  heavy  rains  fill  the 
sanitary  sewers  with  extraneous  flows,  including  inflows  from  storm 
sewers  and  infiltration  from  the  surrounding  soil.  Bypassing  of  the 
primary,  secondary  and  tertiary  systems  can  then  occur.  In  the  case 
of  primary  system  bypassing,  raw  sewage  enters  the  river.  Bypass 
flows  are  heavily  contaminated  not  only  with  phosphorus  but  with 
aintionid,  oxygen  demanding  materials,  suspended  matter  and  bacteria. 
In  a  typical  summer  season,  bypassing  of  raw  sewage  will  occur  about 
eight  times.  The  bacterial  contamination  that  results  persists 
beyond  the  mouth  of  the  Avon  River.  The  following  recommendations 
are  made  in  order  to  eventually  eliminate  contamination  from  sewage 
bypassing: 

BYPASS  CONTROL:  NEW  STORAGE  TANKS  SHOULD  BE  BUILT  IN 
THE  NEAR  FUTURE  AT  THE  WATER  POLLUTION  CONTROL  PLANT  TO 
INCREASE  NET  WET-WEATHER  WASTEWATER  STORAGE  CAPACITY. 
THIS  MEASURE  SHOULD  BE  ACCOMPANIED  BY  AN  AGGRESSIVE 


PROGRAM  OF  INVESTIGATION  AND  REPAIR  OF  SANITARY  SEWERS 
TO  REDUCE  INFLOW  AND  INFILTRATION  FLOWS  INTO  THE 
SANITARY  SEWERS  BY  35%.   SHOULD  THE  INFLOW/INFILTRATION 
PROGRAM  FAIL  TO  MEET  THIS  OBJECTIVE,  THEN  ADDITIONAL 
STORAGE  CAPACITY  SHOULD  BE  PROVIDED  TO  FURTHER  CONTROL 
BYPASSING. 

DISINFECTION:  ALL  EFFLUENT  STREAMS  ENTERING  THE  AVON 
RIVER  FROM  THE  WATER  POLLUTION  CONTROL  PLANT  SHOULD  BE 
DISINFECTED. 

The  first  recommendation  aims  at  the  greatest  reduction  of  bypassing 
considered  feasible.  This  is  in  keeping  with  the  Ministry  of  the 
Environment's  guidelines  which  stipulate  that  untreated  sewage 
should  never  be  discharged  to  a  watercourse.  The  initial  addition 
of  storage  should  halve  the  number  of  bypass  events.  The  second 
phase  of  the  bypass  control  program  will  reduce  bypassing  to  no  more 
than  one  event  in  a  typical  season.  Bypass  phosphorus  loadings 
would  fall  by  470  kilograms.  Together,  these  phosphorus  reductions 
represent  10%  of  total  inputs  to  the  Avon  River.  These  measures 
would  also  help  reduce  the  severe  ammonia  toxicity  associated  with 
wet  weather  bypass  flows. 

Storage  tanks  in  the  first  phase  of  the  bypass  control  program  would 
cost  $721,000,  and  would  increase  annual  plant  operating  and 
maintenance  costs  by  $13,000.  There  is  too  much  uncertainty  in  the 
inflow/ infiltration  control  program  for  sewers  to  permit  estimation 
of  associated  costs  beforehand.  This  program  may  however,  be  quite 
cost-effective,  particularly  if  the  necessary  sewer  repairs  are 
required  in  any  event  or  if  they  can  be  coordinated  with  pending 
road  repair  work.  Phasing  of  these  efforts  will  allow  the  city  to 
explore  the  bypass  control  options  more  fully  and  will  help  to 
reduce  the  adverse  fiscal  impacts  of  project  costs.  The  ease  of 
implementation  is  thereby  increased. 

The  second  recommendation,  regarding  disinfection,  will  eliminate 
the  potential  health  hazard  posed  by  bacterial  contamination  from 
bypassing,  and  is  thus  very  important.  The  recommended  disinfection 
system  for  any  flows  that  bypass  tertiary  disinfection  is 
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chlorination.  The  capital  cost  of  adapting  the  existing 
chlorination  Facility  is  $i;^0,000,  while  the  annual  oparating  and 
maintenance  cost  is  $5,700. 

Tne  chlorination  of  bypass  flows  will  lil<ely  result  in  acute 
chlorine  toxicity  in  the  river  immediately  below  the  outfall  of  the 
treatment  plant.  A  toxic  zone  will  persist  for  2000  metres 
downstream  depending  on  prevailing  conditions.  Such  a  contamination 
event  is  considered  tolerable  only  because  it  will  be  an   infrequent 
occurrence  that  will  become  even  less  frequent  as  bypass  controls 
take  effect.  On  the  other  hand,  the  existence  of  a  persistent  zone 
of  toxic  concentrations  of  chlorine  caused  by  the  current  practice 
of  tertiary  effluent  chlorination  is  not  considered  acceptable.  The 
Ministry's  guidelines  for  total  residual  chlorine  are  violated 
across  the  full  width  of  the  stream.  These  guidelines  cannot 
readily  be  met  using  standard  chlorination  technologies  for 
disinfection.  It  is  therefore  recommended  that: 

CHLORINE  RESIDUAL  IN  THE  TERTIARY  EFFLUENT  SHOULD 
BE  VIRTUALLY  ABSENT. 

This  implies  either  the  use  of  an  alternative  to  chlorine 
disinfection  or  chlorination  followed  by  dechlorination. 
Disinfection  by  ultraviolet  light  is  a  promising  alternative  to 
chlorination.  The  capital  cost  of  this  tertiary  disinfection  systen 
would  be  $300,000.  The  annual  operating  and  maintenance  cost  would 
be  $8,500. 

Arniionia  concentrations  in  the  tertiary  effluent  are  another  cause  of 
toxicity  in  the  Avon  River.  Like  chlorine,  ammonia  is  subject  to 
natural  decay  into  non-toxic  substances,  and  the  toxic  zone 
accordingly  has  a  limited  extent.  The  Ministry  of  the  Environment's 
Objective  for  un-ionized  ammonia,  the  toxic  component  of  effluent 
ammonia,  is  violated  for  a  downstream  distance  varying  from  less 
than  1000  metres  to  several  thousand  meters  depending  on  prevailing 
conditions.  Mean  summer  effluent  concant^-ations  of  ammonia  during 
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periods  of  dry  weather  are  about  2.6  mg/L  and  can  at  times  exceed  10 
mg/L  due  to  irregular  treatment  plant  performance  resulting  from  wet 
weather  upsets.  An  effluent  concentration  of  1  mg/L  would  ensure 
compliance  with  the  Provincial  Water  Quality  Objective  for 
un-ionized  armonia.  It  is  therefore  reconmended  that: 

THE  FOLLOWING  DESIGN  OBJECTIVES  FOR  TOTAL  AMMONIA  SHOULD 
BE  APPLIED  TO  THE  STRATFORD  WATER  POLLUTION  CONTROL  PLANT 
TERTIARY  EFFLUENT  OVER  THE  PERIOD  JUNE  1  TO  AUGUST  31: 

1.0  mg/L  AVERAGE  CONCENTRATION 

3.0  mg/L  MAXIMUM  ON  ANY  ONE  GRAB  SAMPLE 

Fulfillment  of  these  design  objectives  will  require  repairs  and 
possibly  an  expansion  of  aeration  facilities  costing  $725,000. 
Annual  operating  and  maintenance  costs  would  be  $22,000.  These 
facilities  in  combination  with  revised  operating  procedures  and  the 
bypass  controls  should  stabilize  the  water  pollution  control  plant's 
performance. 

The  fish  population  of  the  Avon  River  is  characterized  by 
ammonia-tolerant  warm  water  species  whose  movements  are  restricted 
by  weirs  just  900  metres  above  the  sewage  treatment  plant  outfall. 
A  toxic  ammonia  "barrier"  to  passage  for  fish  may  therefore  not  be 
critical  here.  In  addition,  the  existing  guideline  for  anmonia  is 
under  review  and  may  be  changed.  These  factors  may  reduce  the  need 
for  an  expansion  of  aeration  facilities. 

An  ammonia  design  objective  was  not  deemed  necessary  for  the 
September-to-May  period  since  low  temperatures  throughout  this 
period  and  high  stream  flows  in  the  fall  and  spring  mitigate  against 
amnonia  toxicity. 

Besides  the  anmonia  and  chlorine  toxicity  problems  related  to  sewage 
plant  effluent,  certain  heavy  metals  occur  in  the  Avon  River  in 
concentrations  that  periodically  exceed  the  Ministry's  guidelines. 
These  include  aluminum,  copper,  zinc  and,  to  a  lesser  degree, 
cadmium.  The  aluminum  and  copper  originate  in  part  from  sources 
above  Stratford  but  the  zinc  and  cadmium  derive  from  sources  within 
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the  city  that  discharge  wastewater  into  sanitary  and  storm  sewers. 
It  is  therefore,  reconmended  that: 

DISCHARGES  OF  WASTEWATER  TO  SANITARY  AND  STORM  SEWERS 
CONTINUE  TO  BE  MONITORED  AND  WHERE  NECESSARY  CONTROLLED 
IN  STRATFORD. 

Such  a  program  was  initiated  as  part  of  SAREMP.   It  is  also 
reconmended  that: 

THE  ONTARIO  MINISTRY  OF  THE  ENVIRONMENT  UNDERTAKE  FURTHER 
INVESTIGATIONS  TO  TRACE  POSSIBLE  RURAL  SOURCES  OF  ALUMINUM  AND 
COPPER. 

1.3.3    Rural  Abatement 

The  Rural  Sub-Committee  of  SAREMP  focussed  a  large  portion  of  its 
resources  on  studying  the  nature  and  control  of  soil  erosion  in  the 
Avon  Basin.  Demonstration  projects  were  mounted  to  illustrate  the 
control  of  overland  or  "sheet"  erosion,  of  gullying  by  erosion  in 
fields  and  of  erosion  along  the  banks  of  drains.  These  different 
forms  of  erosion  carry  sediment  laden  with  plant  nutrients  into 
watercourses.  Under  dry  weather  conditions,  suspended  sediment 
concentrations  in  the  river  are  generally  below  50  mg/L,  while  wet 
weather  flows  have  exhibited  concentrations  in  excess  of  700  mg/L. 
When  rain-  or  snow-fed  runoff  enters  the  stream,  phosphorus 
concentrations  increase,  doubling  during  the  surrmer  and  more  than 
tripling  during  the  erosion-prone  spring  period.  Rural  overland 
erosion  accounts  for  24%  of  the  phosphorus  that  enters  the  Avon 
River  and  its  tributaries  through  the  May-to-September  period. 

The  impacts  of  erosion  extend  beyond  just  water  quality.  Less  than 
20%  of  eroded  materials  actually  reach  the  main  channel.  The 
remainder  is  trapped  in  depressions  and  in  tributary  drains, 
impeding  flows  and  delaying  the  drainage  of  low-lying  fields.  Where 
erosive  field  conditions  prevail,  erosion  robs  nutrients  and 


depletes  the  topsoil  base.  Recent  research  into  this  problem  has 
shown  significant  losses  of  crop  yields  as  a  result  of  this 
long-term  depletion  of  the  soil  base.  Short-term  impacts  include 
the  loss  or  displacement  of  seed  and  fertilizer,  the  loss  of  land  by 
gullying,  and  decreased  efficiency  of  field  operations  due  to 
gullying. 

SAREMP  investigations  of  remedial  measures  for  erosion  have  shown 
promising  results.  In  the  area  of  crop  management,  consideration 
was  given  to  crop  rotations  including  those  involving  forage  crops, 
to  cross-slope  and  contour  farming  and  to  the  use  of  various 
conservation  tillage  techniques  to  control  erosion.  Crop  rotations 
and  cross-slope  farming  were  found  to  be  widely  practiced  now,  much 
to  the  credit  of  area  farmers,  while  contour  farming  was  generally 
found  to  be  impractical  because  of  the  complexity  of  slopes  in  those 
erosion-prone  areas  of  the  upper  basin  where  the  benefit  of  contour 
farming  would  be  greatest.  Computer  modelling  efforts  indicated 
that  conservation  tillage  techniques  and  associated  winter  crop 
residue  covers  could  reduce  annual  erosion  and  stream  sediment 
loadings  by  over  70%.  Field  trials  lent  support  to  these  findings. 
Reductions  of  this  magnitude  translate  into  a  reduction  of 
phosphorus  loadings  to  the  river  of  240  kilograms  over  the  summer 
period.  For  these  reasons,  it  is  recommended  that: 

CONSERVATION  TILLAGE  SHOULD  BE  PROMOTED  AS  A  PRIMARY 
MEANS  OF  CONTROLLING  EROSION  FROM  CROPLAND. 

The  costs  and  benefits  of  this  measure  would  accrue  to  farmers. 
Initial  capital  costs  for  conservation  tillage  implements  range  from 
$2,000  to  $15,000.  Measured  yield  losses  on  severely  eroded  Ontario 
soils  have  ranged  between  13%  and  66%.  Under  such  circumstances, 
conservation  tillage  can  enhance  productivity.  Elsewhere,  a  yield 
loss  on  corn  of  4%  to  8%  can  be  expected  with  the  chisel  plow,  a 
common  conservation  tillage  implement.  This  could  mean  losses  of 
$11  to  $42  per  hectare  (1982  crop  prices)  for  cropping  systems  in 
the  Avon  Basin.  The  annual  loss  of  cropping  income  would 
approximate  $28,000,  assuming  that  conservation  tillage  is  applied 
only  on  erosion-prone  areas  but  that  no  soil  productivity  benefits 
occur. 


10 


With  total  equipment  expenditures  of  about  $156,000,  total 
captilized  costs  would  be  $471,000.   It  should  be  recognized, 
however,  that  costs  associated  with  yield  loss  would  be  offset  by 
the  long  term  benefits  of  reduced  soil  loss  rates  which  are   not 
included  in  the  above  calculations.  Conservation  tillage  systems 
based  on  modifications  of  the  moldboard  plow  or  on  ridge  planting 
techniques  seem  to  control  erosion  without  the  adverse  yield  impact 
associated  with  the  chisel  plow  or  similar  implements.  Moreover, 
conservation  practices  can  improve  soil  texture  and  thus 
productivity  in  areas  that  are  not  suffering  from  severe  erosion. 

The  idea  of  modifying  crop  management  practices  for  soil  erosion 
control  becomes  much  more  palatable  when  one  realizes  the  scope  of 
the  changes  that  are  needed.  The  point  to  be  made  here  is  that  not 
all  land  is  experiencing  deleterious  levels  of  soil  erosion.  Highly 
erosive  land  occupies  less  than  3%   of  the  Avon  Basin  area  but 
generates  30%  of  eroded  materials  and  60%  of  stream  sediment  loads 
on  an  annual  basis.  Less  than  14%  of  the  total  land  area 
experiences  erosion  rates  that  could  be  considered  a  threat  to 
agricultural  productivity,  that  is  to  say  rates  exceeding  7  tonnes 
per  hectare.  Accordingly,  it  is  recommended  that: 

EFFORTS  TO  CONTROL  SOIL  EROSION  AND  INSTREAM  SEDIMENT 
CONCENTRATIONS  USING  CROP  MANAGEMENT  TECHNIQUES  SHOULD 
BE  CONCENTRATED  INITIALLY  IN  EROSION-PRONE  AREAS  AND 
AREAS  OF  HIGH  SEDIMENT  DELIVERY  TO  THE  STREAM. 

Clearly,  this  recommended  "targeting"  of  remedial  effort  implies  a 
need  for  a  consideration  of  site-specific  factors  influencing 
erosion  and  its  control.  This  has  ramifications  for  implementation 
which  are  considered  at  the  end  of  this  section. 

While  crop  management  techniques  can  reduce  sheet  erosion,  they 
often  prove  inadequate  to  stem  the  erosive  power  of  runoff  that 
accumulates  in  natural  depressions  and  waterways  through  fields. 
Such  flows  can  slice  gullies  through  fields  within  hours  if 
conditions  are  right.  These  gullies  hamper  field  operations  and 
constitute  a  direct  and  rapid  loss  of  arable  land.  Special  waterway 
management  techniques  may  be  the  only  remedy  to  gullying.  This  may 
simply  involve  delaying  tillage  of  these  waterways  until  the  spring, 

-  11  - 


or  it  may  call  for  measures  as  intensive  as  grassing  accompanied  by 
sub-surface  tile  drains  and  engineered  structures  to  regulate 
flows.  Grassed  waterways  were  constructed  and  monitored  by  SAREMP 
staff.  These  succeeded  in  preventing  gully  formation.  In  light  of 
the  serious  local  damage  caused  by  gullying,  it  is  recommended  that: 

GULLY  EROSION  BE  CONTROLLED  THROUGH  THE  USE  OF 
APPROPRIATE  REMEDIAL  MEASURES  SUCH  AS  GRASSED  WATERWAYS. 

For  the  SAREMP  waterway  projects,  construction  costs  averaged  $5.40 
per  meter  of  waterway.  Total  costs  ranged  between  $1,000  and  $3,000 
for  a  typical  project,  while  design  and  supervision  services 
provided  by  SAREMP  staff  would  have  been  valued  at  about  $1500 
normally. 

The  cost  involved  here  is  incurred  by  the  farmer.  Grants  for  such 
works  are  provided  through  the  Private  Lands  Assistance  Program  of 
the  Upper  Thames  River  Conservation  Authority  and  the  Soil 
Conservation  and  Environmental  Protection  Assistance  program  of  the 
Ministry  of  Agriculture  and  Food.  In  addition,  some  defrayment  of 
these  costs  is  available  through  income  tax  provisions. 

Another  erosion  problem  associated  with  gully  erosion  is  streambank 
erosion  along  drains.  This  can  be  caused  by  gullies  that  enter  the 
drain,  poorly  designed  tile  outlets,  improperly  maintained  channel 
banks,  trampling  of  banks  by  livestock,  and  inadequate  buffer 
strips.  Streambank  erosion  can  account  for  up  to  30%  of  the 
sediment  load  carried  by  runoff.  Proper  construction  and 
maintenance  of  drains  are  the  keys  to  prevention  here.  Moreover, 
they  ensure  proper  functioning  of  the  drain.  It  is  therefore 
recommended  that: 

DRAINAGE  GUIDELINES  PUBLISHED  IN  THE  DOCUMENT, 
"PRACTICAL  GUIDE  FOR  MUNICIPAL  DRAINS"*,  BE  ADOPTED  AS 
STANDARDS  FOR  THE  MAINTENANCE  OF  MUNICIPAL  DRAINS  IN  THE 
AVON  RIVER  BASIN,  EXCEPT  IN  URBAN  AREAS  WHEREVER 
CIRCUMSTANCES  MITIGATE  AGAINST  THEIR  USE. 


*   Thames  River  Implementation  Committee,  1981, 
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Drain  improvements  based  on  these  standards  were  completed  under 
SAREMP.  In  total,  1200  metres  of  drains  were  renovated  at  a  total 
cost  for  materials  and  equipment  of  $4,000. 

The  above  recoimendation  deals  with  proper  drain  maintenance.  To 
encourage  construction  standards  for  drains  that  will  prevent 
erosion  from  the  outset  of  a  drain's  life  it  is  recommended  that: 

THE  DRAINAGE  GRANT  SYSTEM  BE  ADMINISTERED  TO  PROMOTE  THE 
ADOPTION  OF  ENVIRONMENTAL  PROTECTION  MEASURES  SUCH  AS 
THOSE  DESCRIBED  IN  "PRACTICAL  GUIDE  FOR  MUNICIPAL 
DRAINS"*. 

Livestock  trampling  is  mentioned  above  as  one  of  the  causes  of 

streambank  erosion.  SAREMP  staff  collected  evidence  of  another 
water  quality  problem  caused  by  livestock  access  to  streams.  During 
intensive  field  studies,  water  quality  was  monitored  while  cattle 
were  watering  in  the  Avon  River.  As  a  direct  result  of  their 
presence  in  the  stream  the  count  of  fecal  coliforms,  a  bacteria  used 
to  indicate  the  presence  of  a  potential  health  hazard,  increased  by 
up  to  50  times  and  exceeded  the  provincial  guideline  by  a  factor  of 
300  to  1000,  Further  indirect  evidence  of  this  problem  is  found  in 
the  routine  monitoring  data  of  water  quality  in  rural  stretches  of 
the  river;  provincial  bacterial  guidelines  are  consistently 
violated.  It  is  therefore  recommended  that: 

LIVESTOCK  ENTRY  INTO  STREAMS  BE  ELIMINATED. 

In  the  SAREMP  study  of  cattle  access,  monitoring  at  some  sites 
revealed  little  or  no  impact  while  at  others  the  impact  was  severe. 
The  nature  of  the  impact  is  highly  site  specific.  The  need  for 
action  at  each  site  should  therefore  be  assessed  on  the  basis  of  the 
severity  of  bank  erosion  and  the  potential  for  water  quality 
impairment  at  each  site. 


Thames  River  Implementation  Committee,  1981, 
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Livestock  access  controls  were  demonstrated  by  the  Rural 
Sub -Committee.  Demonstrations  involved  both  cattle  and  swine. 
Material  and  equipment  costs  for  these  demonstration  projects  varied 
between  $300  to  $700  per  site.  As  with  the  waterway  costs,  these 
costs  are  borne  by  the  farmer  but  are  subject  to  tax  deductions  and 
funding  assistance  under  farm  grant  programs.  Up  to  30  access  sites 
in  the  Avon  Basin  could  require  remedial  work. 

Manure  handling  and  storage  facilities  were  not  subject  to  a  close 
scrutiny  in  SAREMP.  However,  a  general  survey  and  inventory  were 
made,  and  results  of  this  work  give  some  cause  for  concern. 
Approximately  50  manure  storage  sites  or  feedlots  were  found  to  be 
sufficiently  close  to  a  watercourse  to  warrant  close  investigation 
for  signs  of  water  quality  impairment  problems.  It  is  therefore 
recommended  that: 

FEEDLOT  AND  MANURE  STORAGE  FACILITIES  LOCATED  IN  CLOSE 
PROXIMITY  TO  WATERCOURSES  IN  THE  AVON  BASIN  BE 
INVESTIGATED  BY  THE  MINISTRY  OF  THE  ENVIRONMENT  TO 
ASSESS  AND  MINIMIZE  THE  POTENTIAL  FOR  WATER  QUALITY 
IMPAIRMENT.  REMEDIAL  MEASURES  SHOULD  BE  ADOPTED  WHERE 
NECESSARY. 

The  intent  of  the  recommendation  is  not  to  encourage  prosecutions  to 
rectify  troublesome  situations.  Rather,  an  initial  cooperative 
approach  is  anticipated.  Emphasis  would  be  placed  on  education, 
technical  assistance  and  funding  available  through  existing  programs 
to  effect  necessary  remedial  controls. 

Most  of  the  rural  recomnendations  above  deal  with  specific  remedial 
actions.  To  ensure  their  implementation,  it  is  felt  that  special 
efforts  will  have  to  be  made  by  the  agencies  responsible  for 
resource  management  in  rural  areas  of  the  Avon  Basin.  These 
measures  are  the  subject  of  the  remaining  recomnendations  in  this 
section. 
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Several  agencies  are  concerned  with  agricultural  pollution  and 
related  matters.  These  include  the  Ministry  of  the  Environment,  the 
Ministry  of  Agriculture  and  Food,  the  Ministry  of  Natural  Resources, 
conservation  authorities  and  the  municipalities.  Programs  to 
control  agricultural  pollution  and  programs  that  incidentally  affect 
agricultural  pollution  are  administered  by  all  of  these  agencies.  A 
concerted  effort  to  control  agricultural  pollution  will  require  some 
interagency  coordination  in  the  delivery  of  programs.  It  is 
therefore  recoimiended  that: 

THE  UPPER  THAMES  RIVER  CONSERVATION  AUTHORITY  SHOULD 
CHAIR  AN  INTERAGENCY  COMMITTEE  TO  FACILITATE  THE  OVERALL 
COORDINATION  OF  PROGRAM  DELIVERY  AND  SHOULD  COOPERATE 
WITH  THE  MINISTRY  OF  AGRICULTURE  AND  FOOD  IN  THE 
DELIVERY  OF  EXTENSION  SERVICES  RELATED  TO  THE  CONTROL  OF 
AGRICULTURAL  POLLUTION. 

Certain  tasks  that  such  a  committee  could  undertake  include  efforts 
to  encourage  a  conservation  tillage  equipment  rental  program  among 
area  equipment  dealers  and  a  project  to  catalogue  in  detail  the 
services  and  programs  provided  to  farmers  by  each  of  the  extension 
offices  operating  in  the  region. 

The  principal  role  of  this  interagency  committee  would  be  the 
coordination  of  attempts  to  control  non-point  sources  of 
agricultural  pollution.  In  any  efforts  at  control  based  on  the 
enforcement  of  regulations,  the  burden  of  proof  will  generally 
unduly  favour  the  polluter.  For  this  and  other  reasons,  cooperative 
control  programs  are  favoured  over  legal  approaches  that  rely  on  the 
detection  of  violations.  Cooperative  programs  are   more  likely  to 
succeed  if  they  involve  public  participation  at  the  local  level. 
For  this  reason,  it  is  recommended  that: 

INDEPENDENT  ORGANIZATIONS  SUCH  AS  THE  ONTARIO  FEDERATION 
OF  AGRICULTURE  AND  THE  ONTARIO  SOIL  AND  CROP  IMPROVEMENT 
ASSOCIATION  SHOULD  PLAY  A  SUPPORTING  ROLE  IN  THE 
DELIVERY  OF  PROGRAMS  FOR  AGRICULTURAL  POLLUTION  CONTROL 
AT  THE  LOCAL  LEVEL. 
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Extension  services  have  traditionally  played  a  key  role  in  the 
dissemination  of  new  information  and  the  delivery  of  new  programs  in 
the  agricultural  sector.  Agricultural  resource  conservation  and 
pollution  control  must  be  given  the  same  degree  of  extension  support 
as  have  other  programs  for  the  farm  sector.  It  is  therefore 
recommended  that: 

THE  EXTENSION  SERVICES  COMMENCED  AT  THE  UPPER  THAMES 
RIVER  CONSERVATION  AUTHORITY  BY  SAREMP  AND  THE  THAMES 
RIVER  IMPLEMENTATION  COMMITTEE  SHOULD  BE  CONTINUED  IN 
THE  WATERSHED  IN  LIAISON  WITH  THE  COUNTY  OFFICES  OF  THE 
MINISTRY  OF  AGRICULTURE  AND  FOOD  TO  PROMOTE  CONSERVATION 
AND  POLLUTION  CONTROL  ON  FARMS  IN  THE  AVON  BASIN  AND 
SURROUNDING  AREAS. 

In  the  past,  this  program  has  involved  the  services  of  an 
agronomist,  an  agricultural  engineer  and  a  number  of  technicians  who 
were  involved  in  drainage  and  other  projects.  Demonstration 
projects  have  been  a  critical  element  in  the  success  of  the  program 
in  that  they  provided  first-hand  proof  to  area  farmers  of  the 
practicality  and  effectiveness  of  new  management  techniques.  With 
the  emphasis  on  demonstration  and  active  participation  in  the  field, 
the  extension  program  has  been  rather  intensive  in  the  past.  The 
annual  cost  of  this  sort  of  program  for  the  Upper  Thames  River  Basin 
is  about  $200,000. 

The  above  recommendation  related  to  extension  services  may  not 
provide  sufficient  momentum  to  ensure  the  successful  implementation 
of  recoiimended  measures.  To  aid  in  the  adoption  of  proposals  for 
modified  agricultural  practices  to  protect  soil  and  water,  it  is 
recommended  that: 

POSITIVE  ACTION  BE  TAKEN  TO  PROMOTE  CONSERVATION 
PRACTICES  IN  RURAL  AREAS. 

Examples  of  such  action  might  be  the  establishment  of 
conservation  tillage  classes  at  county  and  international 
plowing  matches  or  the  development  of  a  regular  program  of 
conservation  practices  awards  by  agencies  such  as  the  county 
Soil  and  Crop  Improvement  Association. 
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1.4     Summary  of  Impacts  and  Costs 

Available  cost  estimates  for  the  urban  and  rural  remedial  and 
abatement  actions  recommended  above  sum  to  $3,594,000.  This  figure 
represents  the  capitalized  value  of  costs  which  would  be  incurred 
over  a  20-year  period.  It  does  not  include  the  cost  of  sewer 
repairs  in  Stratford,  grassed  waterways  and  drain  maintenance  work; 
nor  does  it  cover  costs  associated  with  implementation  programs. 
Based  on  existing  funding  practices  and  programs,  63.2%  of  the  cost 
would  fall  to  the  City  of  Stratford,  18.4%  to  the  provincial 
government  and  18.4%  to  the  basin  farmers. 

As  noted  in  Table  1,  recommended  actions  will  largely  eliminate 
existing  problems  with  chlorine  and  ammonia  toxicity  below  the 
Stratford  water  pollution  control  plant.  Remaining  problems  with 
these  constituents  will  relate  to  sewage  bypassing  during  wet 
weather.  The  recommended  controls  here  will  reduce  the  frequency  of 
raw  sewage  bypassing  by  over  80%  in  a  typical  year. 

Bacterial  contamination  originating  from  the  water  pollution  control 
plant  will  no  longer  occur.  Violations  of  the  Provincial  Water 
Quality  Objective  for  indicator  bacteria  will  probably  still  occur 
as  a  result  of  livestock  and  manure  management  practices  in  rural 
areas;  however,  these  sources  should  eventually  be  controlled 
provided  there  is  a  substantial  degree  of  success  in  implementing 
recoinmendations  concerning  these  practices. 

Phosphorus  inputs  to  the  Avon  River  can  be  reduced  by  36%  over  the 
May-to-September  period.  This  level  of  reduction  will  not  lower 
instream  concentrations  to  the  Provincial  guideline  for  phosphorus. 
It  is  estimated,  however,  that  it  will  reduce  nuisance  aquatic  plant 
growth  by  20%  to  30%  and  will  eliminate  25%  to  35%  of  the 
violations  of  the  dissolved  oxygen  Objective.  Where  feasible,  tree 
shading  of  the  river  can  eliminate  about  65%  of  the  aquatic  plant 
growth  and  70%  of  the  dissolved  oxygen  violations.  Dissolved  oxygen 
violations  are  reduced  by  80%  if  shading  is  combined  with  the 
phosphorus  reductions.  Phosphorus  reductions  alone  will  have  little 
or  no  effect  on  aquatic  plant  growth  immediately  below  the  water 
pollution  control  plant. 


17  - 


o 
o 


CO 


o 
o 
o 


ttJ  1- 
1 —    to 


O 
o 
o 


o 
o 
o 


o 
o 
o 


o 
o 
o 


o 
o 
o 


o 
o 
o 


o  o 

o  o 

o  o 


in 

4-i 

1 

1     </)         1 — 

1 

1 

1 

o 

Lft 

^     QJ  •>- 

Q. 

O 

C   -t-)     fl3 

<_) 

TO     TO     > 
4-»    E     TO 

'<U   4->     t/) 

O    cn  on  -f- 

o 

o 

o 

O    tî    OJ 

o 

I — 1 

o 

o 

O    1-           t« 

o 

o 

•• 

•  O    <U  -t-> 

•■ 

«Ï 

*■ 

r^ 

,— (    4->  •—     I/) 

^a- 

CO 

r^ 

1 

<^ 

^r   t/ï  JiD   o 

VO 

^3- 

U-) 

1— t 

9 
e  for 

relia 
pair  c 

t-H 

ro 

CO 

O 

O 

o  1-  o  ai 

o 

o 

o 

o 

o 

o  «o  c  s- 

o 

o 

o 

o 

o 

o 

o 

o 

o 

»■ 

'•  t/>    •.  i_ 

«> 

o 

*3- 

.-C    •!->>,    OJ 

CO 

U-) 

CJl 

LO 

■a-  >/>  ^   S 

«3- 

o 

OO 

^    O    C    OJ 

»T3     >, 
< —     <D 


o  o 

o  o 

o  o 


o 

TO    i/i 

Ql 

.^ 

5    QJ 

3 

X 

•«-> 

QJ  X3 

O 

TO 

i/>    O 

Û- 

+J 

CO    c 

o 

O 

(/I 

%A 

ï  —    O 

D. 

QJ 

4-J 

■M 

TO     d-r- 

3 

C 

4-> 

> 

rs 

13 

i^     Qj    4-> 

•1— 

TO 

Cl 

O- 

TO 

E 

U 

x: 

c 

c 

c 

i*-   ai  C 

O 

O 

•*-> 

OJ 

o  c  -^ 

i- 

(V 

CD 

•r-     B 

**- 

^ 

>ï 

fO 

>) 

tn 

m 

en  U   TO 

u 

4-> 

m 

X 

=3 

3 

c     3   -M 

C 

o 

S- 

S- 

—  x;   c 

o 

E 

U 

'D 

o 

O 

t/l     QJ      o 

•  >— 

TO 

-o 

-C 

.c 

t/1    ï_    U 

4~> 

QJ 

X 

O) 

QJ 

CL 

Q. 

TO 

TO 

i^ 

o 

u 

> 

oi 

Wl 

ex  l/i  >— 

C 

■*-> 

•*-> 

c 

^— 

O 

o 

>i   3     TO 

•r- 

i/i 

ex 

(D 

o 

.c 

.C 

^  ^•■.- 

E 

C 

QJ  O 

t/1 

t/1 

Q. 

Q. 

+j    i- 

TO 

•  1— 

C  ex 

(/I 

O-           QJ 

■*-> 

•r-    3 

3 

■  ■— 

S- 

i- 

C_3     1-    -M 

C 

QJ 

S. 

c 

■D 

<D 

OJ  Q-    OJ    (_) 

O 

1- 

O    5 

c 

3  E  «O 

u 

Q) 

OO 

u- 

M- 

E  J2 

lA 

> 

j:  — 

1— 

o 

O 

3 

3 

**-   3 

r— 

? 

QJ 

u    QJ 

<_) 

to 

01 

o    i/*  "O 

TO 

O 

en 

JD 

=r 

c 

C 

c 

•r— 

U 

Q. 

o 

o 

4- 

M- 

>l  s-     TO 

1-  H- 

•<-   tn 

s: 

O 

O 

U  a> 

QJ 

TO 

C    1- 

i— H 

4-> 

•M 

c    ex  TO 

4-> 

m 

C 

O    3 

tj 

u 

c 

C 

QJ           ..- 

U 

i/ï 

O 

S-    O 

>- 

3 

3 

o 

o 

3    4->      c 

TO 

TO 

^    U 

h- 

■D 

■c 

cr  c    o 

Xï 

O. 

t/l 

u  o 

1 — 1 

<U 

CD 

*J 

+-> 

QJ    Q)    E 

>»  TO 

_) 

s- 

W 

u 

u 

ï-  >  E 

OJ 

^ 

u 

Q)    >> 

=r 

rj 

3 

M-     O)     TO 

d-i 

u 

4->  r— 

=> 

>«>e 

XJ 

■O 

TO 

U 

o 

TO   *J 

o- 

o  o 

d) 

<u 

Q)    QJ    Q) 

C 

QJ 

C     C 

CO  cr\ 

w 

s- 

U    C    S- 

JZ 

QJ 

.^     Q) 

o; 

1 

3    0    0) 

E 

+J 

1/1 

E    tn 

LU 

g 

^ 

ë 

-D            > 

TO 

3 

-.-     QJ 

1— 

O 

*? 

QJ    O    Q) 

r— 

QJ 

TO 

r-     ï^ 

«s 

LD 

r^ 

■— ' 

1-    -»->     VI 

O) 

3 

(-> 

QJ  ex 

A-i 

C  •— 

(/) 

E  >e 

O 

Q) 

o 

•r-      QJ 

3 

■•-  O 

E    1- 

i- 

u- 

X! 

E 

1- 

-D  C\J 

O    «3 

0) 

o 

i/1 

<o 

O 

QJ 

on 

i- 

3   +J 

c 

0) 

^ 

on    c: 

3 

1*-  •— 

T3 

-M 

1-    C 

o 

s- 

CL 

re 

1-    >1 

03 

c: 

t/) 

O    OJ 

4-J 

l>^ 

c:  ^ 

O  ■1-' 

■O    S- 

ro 

o 

x:  e 

Vt 

</l 

O 

o  -u 

-C  •'- 

S-    3 

E 

Cl-.- 

o 

JC 

CL- 

ro  1- 

en  >i 

c/l  "O 

i- 

x: 

CL 

+->   (/) 

IO    to 

Kl 

c  — 

>1 

o    OJ 

<u 

4-> 

(_)  t/1 

o    3 

ro  c 

—  c 

4J 

j;    1/1 

•.-    C 

s- 

n   Qj 

^    C7 

.c  •<- 

■—  o 

■1— 

O. 

•c 

3    o 

<u 

CL-— 

CL 

CL 

u> 

c 

E  ~— 

S- 

SI    c 

E    on 

î-     t3 

<o 

i>i    in 

S_    O) 

4J      O 

ro  f— 

X 

Q)    3 

E    O 

3 

1- 

QJ  •<-■ 

i-   O 

o 

E    C 

on 

■*->    Q) 

E    «3 

ro  ^-> 

4->      ^ 

■*-> 

E  c 

et 

-—    QJ 

C     > 

i  5 

QJ  ro 

■*-> 

3  m 

o 

J3 

C 

IT3    -r- 

3 

^  c 

^    C 

fO 

tA 

^ 

O  T3 

O 

U     S- 

lo  »— 

c  o 

•1— 

M- 

(J 

1-    C 

<TJ 

—    E 

ro  u 

c 

«4-     O 

Q.  fO 

4-> 

l^     OJ 

U-    -r- 

ro  ro 

XI 

o 

o 

g 

O 

» 

■--  JZ 

o  s- 

•--    4-> 

E    </i 

c 

^    C 

TO  >S 

C    *-> 

O) 

*J    c 

ro    m 

£ 

c  o 

1_ 

ro    O 

o.r^ 

en 

c  ■"-■ 

c  o 

QJ    OJ 

fO 

o  — 

w- 

U  ■'- 

E 

—    O 

O   o 

QJ     u 

s-   u 

Q. 

■.-  -t-> 

O  4-> 

c 

(/î    4-J 

..-     fO 

4-» 

4->   o 

OJ  o 

JJ    o 

1- 

.—   n 

fO 

-^J  X) 

o  •— 

00  ro 

J->  Q. 

o    = 

QJ 

4-) 

1 — 

x: 

QJ    >, 

O 

Cl.  ro 

(D 

3 

3  -O 

> 

OJ    c 

«o 

-t-> 

1 —    i_ 

3    0) 

■4-»     OJ 

C 

"O    <P 

>    QJ 

c 

XI    OJ 

T3    > 

Q)    i- 

c  r— 

•  r— 

S 

OJ    !- 

s- 

—    E 

i>n 

■^   > 

QJ    o 

U    OJ 

QJ  -U 

B 

O 

l- 

o  -^ 

CD 

on 

Wl  •<- 

1-    S- 

3   4-> 

>   ■!-> 

r^ 

>« 

OJ 

lO  TU 

i_ 

QJ 

on  •— 

o. 

-o  u 

QJ   ro 

<U 

>«   CM 

x: 

QJ    QJ 

fO 

O    OJ 

>S     Ê 

QJ   ro 

ï-   u 

<u  ^ 

in  c\j 

■*-> 

l-    l/l 

E 

- — 

CL-D 

ID  ■•- 

s-  X} 

Q.W- 

O 

o 
o 


o 
o 

o 


o 

c 

o 

+J 

TO 

r^ 

S- 

m 

QJ 

':r 

O. 

O 

CSJ 

U- 

o 

o 

QJ 

o 

3 

o 

I— 
o 


s:  o 

o  — 


<. 

ce 

o 

q: 

LU 

—1  _J 

»— 

3 

_l  Lu 

CD  OO 

Z  LU 

et 

z 

_J 

al        O  L/^ 

I/O 

"  3 

O  cl 

LU  Q  t— ■ 

LU  on 

)-  O 

LU  > 

3r  s:  1—  >- 

1-  «t 

Z  _I 

c_>  O 

(—  «t  cl  1— 

cr  a. 

cl  LU 

z  s: 

d       ce  — 

2:  >- 

— >  CQ 

«a:  LU 

LU  OO  *—   CJ 

_  CO 

C^ 

>  ce 

3  i.^  _l 

See 

CE 

Q 

s:  >— "  ^ 

LU  LU 

et   l/l 

1—  <  u.  — 

_l   LU 

LU  > 

=1 

LU    t—    ^ 

nr  3= 

ce  K-. 

1  ce 

3        «  l/n 

t_)  1— 

(—   CE 

o 

LU  "~^  _i 

cr 

*    zn 

1  es  3  o 

1     LU 

LU  CD 

*     D. 

■a:  o  ce 

3 

Q  ^ 

û-  uo 

Q.  ce  _j  1— 

Q-      1 

<  O 

t_>  o 

(_)  o  Lx-  2r 

CJ  h— 

3=   _1 

Q_  n: 

a.  H-  z  o 

D_   LU 

>-  et 

ce  rD 

et  o 

— ,  _       o 


t-  oo 

•_( 

o. 

o 

LU 

et:  LU 

1— 

LU  O 

o  z 

LU 

(_> 

LiJ  on 

■a: 

CD  ce 

t-  et 

o 

LJ 

s:  LU 

ce 

et  <-) 

_J 

^ 

et 

o  œ 

LU 

LU 

—1 

uo 

ce  =3 

LU  zr 

« 

—1  LiJ 

>-  O- 

LU 

U-  z 

i—  .— < 

— •  Z 

et  O 

LU 

_» 

on 

ig 

LU 

h-  O 

3  ce 

t— 

1— 

LU 

u-  s: 

o 

oc 

ce  o 

^ 

l— 

on 

u^       on 

•— '  _j 

et 

2  Q. 

LU 

t— .  on 

et 

ce 

O  CD  et 
^  ^  LU 

s  i: 

ce 

O      > 

et  Z 

CJ 

^ 

"-.  <-J 

CD 

S  O 

S  — 

o 

ZD  er  ce 

_i 

û. 

h—   O 

3 

er 

LU 

C_) 

o:         et 

LU  t— 

rD 

et  — 

CD 

CD  ce 

t— 

ce 

on 

■ZL 

n»  oo 

CD  z 

UJ  o 

et 

LU 

_J  1—  LU 

1    LU 

2: 

ce  o 

LU    »— " 

=» 

Z 

t— 

o  o  C3 

■=> 

LU 

uj  ce 

l/^  >- 

o  —1 

cr 

ce  _)  et 

Q 1 

Q_ 

1— 

l>0  LU 

on  _j 

ce  et 

s: 

3 

h—  Q   Ql 

;3  LU  o 

<-J  U- 

<_3 

OO 

z 

<  -J 

Ci.  ce 

1 — > 

O-  Li_ 

Q_ 

>- 

o  z 

ce  ^ 

5:  =1 

— J 

o 

o  LU   1— 

3  LU 

3 

oo 

o  o 

C3  CD 

—  ce 

LU 

l— 

c_)  Li_  on 

C 

tn  ro 


CL  <J 
ro 

u  c 
o 


QJ     <:i 
1-    *J 


in  t_> 
O  Q. 


There  is  no  Provincial  Water  Quality  Objective  associated  with 
suspended  sediment.  Nevertheless,  this  contaminant  can  harm  aquatic 
life  and  is  associated  with  nutrient  enrichment  and  the 
sedimentation  of  drains  and  impoundments.  Conservation  tillage  will 
have  the  greatest  impact  on  sediment  delivered  to  the  river,  a  22% 
reduction  on  an  annual  basis.  Further  improvements  will  be 
engendered  by  improved  drain  maintenance,  cattle  access  controls  and 
sewage  effluent  bypass  controls. 

Improvements  with  regard  to  heavy  metals  contamination  cannot  be 
forecast  beforehand  since  further  investigations  to  trace  sources 
are  pending. 
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2.       INTRODUCTION 

2.1     Background  to  the  Study 

The  19/5  Thames  River  Basin  Water  Management  Study  concluded  that, 
given  the  extremely  limited  assimilative  capacity  of  the  Avon  River 
during  low  flow  periods,  the  discharge  of  increased  waste  loadings 
From  the  existing  sewage  treatment  plant  in  Stratford  should  not  be 
permitted.  On  the  basis  of  the  1975  study,  the  Ministry  of  the 
Environment  placed  restrictions  on  any  further  subdivision  approvals 
in  the  City  of  Stratford,  pending  development  of  a  suitable 
corrective  program. 

Subsequently,  further  detailed  investigations  were  undertaken  by  the 
Ministry  of  the  Environment  in  1977  and  the  resulting  report  in  1979 
SLated  that  Provincial  Water  Quality  Objectives  were  not  being  met 
for  five  parameters  and  that  recommended  phosphorus  concentrations 
were  exceeded  oy   a  factor  of  10.  Contamination  by  phosphorus  and 
bacteria  were  found  to  occur  both  above  and  below  Stratford.  Nine 
recommendations  were  brought  forward  which  suggested  that 
satisfactory  water  quality  levels  could  only  be  achieved  as  a  result 
of  combined  efforts  in  the  areas  of  improved  municipal  waste 
treatment,  agricultural  runoff  control,  improved  livestock  and 
manure  management,  and  the  possible  use  of  instream  treatment 
methods. 

Following  publication  of  the  study's  results,  the  City  of  Stratford 
requested  provincial  assistance  with  the  development  of  an 
environmental  master  plan  to  resolve  water  quality  problems.  The 
City  suggested  that  a  solution  could  only  be  found  through  a 
combination  of  urban  and  rural  abatement  programs.  There  was  a 
concern  that  rural  sources  be  addressed  more  thoroughly  in  order  to 
counteract  the  tendency  to  focus  on  the  more  readily  quantifiable 
urban  point  sources.  This  was  of  particular  importance  for  certain 
problems  like  phosphorus  enrichment  which  were  clearly  caused  by 
both  rural  and  urban  activities. 
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A  submission  for  funding  support  resulted  in  approval  of  a  two-year 
project  in  the  Avon  River  Basin.  The  project  budget  for  1980-81  was 
set  at  $220,000  and  for  1981-82  at  $465,000.   In  1982  a  third  year 
of  work  was  approved  at  a  budget  of  $158,000.  Funding  for  the 
project  was  provided  by  the  Ministry  of  the  Environment.  Other 
active  participants  included  the  City  of  Stratford,  the  Upper  Thames 
River  Conservation  Authority,  the  Ontario  Ministries  of  Natural 
Resources  and  Agriculture  and  Food,  and  Environment  Canada. 

With  its  detailed  focus  on  both  urban  and  rural  pollution  sources, 
this  type  of  project  is  somewhat  unique  in  Ontario.   It  relates  very 
closely  to  the  issues  being  dealt  with  in  similar  studies  on  a 
larger  scale,  such  as  the  investigations  of  the  Pollution  from  Land 
Use  Activities  Reference  Group,  and  the  program  of  the  Thames  River 
Implementation  Committee.  The  results  of  the  Stratford-Avon  River 
Project  will  assist  in  determining  the  feasibility  of  implementing 
cost-effective  remedial  measures  elsewhere  in  the  province. 

2.2     Goals  and  Objectives 

In  keeping  with  the  City  of  Stratford's  request  for  a  comprehensive 
plan  dealing  with  both  urban  and  rural  sources  of  pollution,  the 
following  general  study  goal  was  established: 

"TO  PROVIDE  A  COMPREHENSIVE  WATER  QUALITY  MANAGEMENT 
STRATEGY  FOR  THE  AVON  RIVER  BASIN  WHICH  IDENTIFIES 
OPTIMAL  SOLUTIONS  TO  EXISTING  WATER  QUALITY  IMPAIRMENT 
PROBLEMS  AND  EVALUATES  THE  VARIOUS  TRADE-OFFS  ASSOCIATED 
WITH  URBAN,  RURAL  AND  IN-STREAM  MANAGEMENT  OPTIONS". 

The  approach  was  therefore  basin-wide  in  scope.  To  facilitate  this 
approach,  three  subcommittees  -  urban,  rural  and  stream  management  - 
were  established  to  oversee  technical  work.  The  Management 
Committee,  comprising  subcommittee  chairpersons  plus  senior  staff 
from  participating  agencies,  provided  overall  direction  to  the 
study,  while  an  Advisory  Committee  enabled  local  municipal  and 
agricultural  representatives  to  meet  with  government  representatives 
to  review  proposed  programs  and  to  exchange  information. 
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Each  subcommittee  identified  for  itself  a  number  of  objectives. 
These  can  be  summarized  as  follows: 

1.  Identify  point  and  non-point  sources  of  pollutants  in  the 
basin  and  the  relative  significance  of  each; 

2.  Develop  appropriate  models  to  provide  analytical  and 
predictive  capabilities  within  the  study; 

3.  Determine  alternative  remedial  measures  to  address  urban, 
rural  and  in-stream  concerns; 

4.  Demonstrate  appropriate  control  measures  and  evaluate  the 
cost-effectiveness  of  each; 

5.  Assess  the  implementation  of  proposed  measures  to  identify 
institutional  constraints  and  the  public  acceptance  of 
proposed  measures; 

6.  Prepare  an  overall  water  quality  management  strategy  in 
reference  to  the  Provincial  Water  Quality  Objectives 
consisting  of  the  optimum  blend  of  urban,  agricultural  and 
in-stream  control/management  options. 

A  variety  of  tasks  were  undertaken  to  fulfill  these  objectives. 
These  included  stream  and  sewer  monitoring  and  investigations,  water 
pollution  control  plant  studies,  rural  land  use  surveys,  computer 
modelling  efforts,  pilot  studies,  demonstrations  of  rural  and  urban 
remeuial  actions  and  a  public  participation  program. 

2.3     Report  Organization 

Four  sections  follow  this  introduction.  The  first  two  are  primarily 
descriptive  and  deal  with  the  geography  of  the  river  basin  and 
existing  water  quality  conditions.  In  section  5,  pollutant  sources 
are  described  and  alternative  solutions  are  identified.  These  are 
screened  in  order  to  identify  tfie  preferred  management 
alternatives.  Institutional  considerations,  the  distribution  of 
costs  and  the  public  response  to  recommended  actions  are  discussed 
in  section  6  in  order  to  assess  implementation  difficulties. 
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3.       THE  AVON  RIVER  BASIN* 

3.1  Location  and  Population 

The  Avon  River  is  a  small  tributary  of  the  North  Thames  River 
draining  160  square  kilometers  in  the  northeast  portion  of  the 
Thames  River  basin.  The  City  of  Stratford  lies  at  the  centre  of  the 
basin.  In  1980  it  had  a  population  of  26,300  and  accomodated  10,300 
households.  The  built  up  area  of  Stratford  occupies  8%  of  basin 
lands.  Though  there  are  a  number  of  hamlets,  the  remaining  area  of 
the  basin  is  primarily  agricultural.  Straddling  parts  of  four 
townships  in  Perth  County,  this  rural  area  has  a  population  of  about 
700  persons.  Population  density  is  19.4  persons  per  hectare  in 
Stratford  and  4.7  persons  per  100  hectares  in  the  rural  areas. 
There  are  224  farmsteads  in  the  rural  area  of  the  basin.  City  and 
township  boundaries  are  shown  in  Figure  1. 

3 . 2  Geology  and  Soils 

The  predominant  land  form  in  the  Avon  Basin  is  the  broad,  level 
Stratford  Till  Plain  stretching  from  the  mouth  to  within  a  few 
kilometers  of  the  eastern  watershed  divide.  Local  relief  on  this 
till  plain  is  generally  less  than  3  meters.  Surficial  material 
consists  largely  of  sandy  silt  till  interspersed  with  large  pockets 
of  lacustrine  silt  and  clay  and  ranges  from  15  to  52  meters  in 
thickness . 

The  Easthope  Morraine  borders  along  the  eastern  limit  of  the 
Stratford  Till  plain.  Here  land  is  rolling  with  relief  exceeding  15 
meters.  Surficial  geology  is  more  complex  than  on  the  till  plain, 
comprising  sandy  to  silty  till,  kame  sand  and  lacustrine  silt  and 
clay,  along  with  local  alluvial  deposits  and  pockets  of  peat,  muck 
and  marl . 


Material  in  this  section  is  drawn  largely  from  SAREMP  Tech. 
Report  R-9,  "Physical  Characteristics  and  Land  Uses  of  the  Avon 
River  Drainage  Basin". 
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The  Avon  River  flows  through  a  narrow  valley  of  outwash  sands  and 
gravels  and  alluvium  associated  with  a  former  glacial  spillway. 
This  valley,  dissecting  the  basin,  is  up  to  15  meters  deep  and  is 
generally  less  than  300  meters  across. 

Silt  loam  soils  predominate  in  the  basin  (80%  of  soils).  To  the 
west  there  are  areas  of  clay  loam  (8%)  and  in  the  moraine  area  some 
sandy  loams  (3%).  Loams,  muck  and  bottom  lands  comprise  the 
balance.  Only  20%  of  these  soils  are  well  drained,  while  50%  are 
imperfectly  drained  and  the  remainder  are  poorly  or  very   poorly 
drained.  Agricultural  capabilities  of  these  soils  are  generally 
high. 

3.3  Drainage  Network 

The  Avon  River  arises  in  two  swampy  depressions  in  the  Easthope 
Moraine.  The  larger  of  these  is  the  Gadshill  Swamp.  The  river 
flows  to  the  west  to  join  the  North  Thames  River  above  St.  Marys. 


PHOTO  1       MOST  OF  THE  WATERWAYS  IN  THE  AVON 
BASIN  ARE  MUNICIPAL  DRAINS 
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The  agricultural  character  of  the  basin  is  reflected  by  the  fact 
that  most  channels  in  the  basin  are  municipal  drains  that  have  been 
excavated  and  shapeo  to  promote  rapid  drainage.  The  only  remaining 
natural  channel  is  the  main  channel  of  the  Avon  River  below 
Stratford. 

Drainage  intensity  is  lowest  in  the  moraine  area  -  7  to  10  meters  of 
channel  per  hectare.  Elsewhere  it  ranges  between  11  and  18  meters 
per  hectare. 

Superimposed  on  the  network  of  open  channels  is  a  subsurface  network 
of  drains.  In  the  city,  there  are  130,000  meters  of  storm  sewers. 
In  the  rural  areas,  52%  of  the  land  has  been  tile  drained.  A 
proportionately  greater  amount  of  this  tile  drainage  is  found  in  the 
till  plain  below  Stratford  than  in  areas  above  Stratford  (see  Table 
2). 

Man-made  impoundments  are  found  at  three  locations.  In  the 
headwater  area  Shakespeare  Pond,  a  5.9  hectare  impoundment,  provides 
local  residents  with  an  opportunity  for  swimming  and  fishing.  In 
Stratford,  the  Thomas  Orr  Dam  and  the  John  Street  Weir  have 
impounded  the  river  throughout  most  of  the  City.  Lake  Victoria, 
behind  the  Thomas  Orr  Dam,  was  originally  used  for  industrial  power 
but  now  fulfills  a  recreational  and  aesthetic  function. 

3.4     Land  Use  Activities 

The  principal  divisions  in  land  use  are  depicted  in  Figure  2.  The 
proportionately  large  urban  area  is  prominent  as  is  the  extensive 
agricultural  development  of  rural  areas. 

Woodlots  and  wetlands  make  up  8%  of  the  basin  while  1%   is  in 
permanent  pasture.  Above  the  city,  woodlots  and  pastures  are 
generally  found  in  isolated  pockets  on  the  drains  while  below  the 
city  they  tend  to  be  concentrated  in  a  strip  along  the  less 
productive  soils  of  the  river  valley. 

Cropland  comprises  74%  of  the  total  basin.  The  main  crop  grown  in 
1980  was  corn  (30%)  followed  by  small  grains  (16%)  and  hay  (17%). 
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TABLE  7.   RURAL  LAND  USE  ACTIVITIES 

Source:SAREMP  Tech.  Report  R-9,  "Physical  Characteristics 
and  Land  Uses  of  the  Avon  River  Drainage  Basin" 


UPPER  BASIN 


LOWER  BASIN 


TOTAL 


Total  Rural  Area  (ha):      9,596 

Land  Use  (%  total  area) : 

Urban  8 

Woodlots/Wetland  12 

Pasture  8 

Crops:  row  crops  33 

small  grains  20 

hay  18 

other  1 


6,866 


8 
7 

7 
48 
11 
17 

2 


16,462 


8 

10 
8 
39 
16 
17 
2 


Tile  Drained  Area 

(%  total  area)  50 

No.  Farms:  Total  140 

livestock/mixed  117 

cash  crops  20 

other/minor  3 

Livestock  type  {%   operations) 

cattle  53 

swine  15 

cattle  and  swine  14 

other  18 

Cropping  Systems  (%  operations) 

continuous  row  crops  12 

continuous  grain  3 

cash  crop  rotations  13 

rotation  with  forages  68 

other  5 


69 


58 


83 

223 

65 

182 

16 

36 

2 

5 

59 

55 

17 

16 

15 

15 
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Beans  and  speciality  crops  make  up  the  balance.  Overall,  67%  of 
farm  operators  use  a  crop  rotation  system  involving  forage. 
Cropping  practices  tend  to  be  more  intensive  below  Stratford  than 
above.  This  is  seen  in  a  proportionately  higher  area  in  corn  and  a 
greater  reliance  on  cash  crop  rotations  and  continuous  row  cropping 
rather  than  forage-based  rotations  (see  Table  2). 

The  majority  of  farms  in  the  basin  are  either  livestock  enterprises 
(63%)  or  mixed  farms  (18%).  Over  half  of  these  are  involved  in 
dairy  or  beef  cattle.  In  general  livestock  operations  tend  to  be 
larger  below  Stratford.  The  pasturing  and  manure  management 
activities  associated  with  livestock  operations  can  have  a 
significant  impact  on  water  quality.  Storage  methods  and  the  timing 
and  rate  of  application  are  important  factors  in  manure  management. 
Only  1%  of  farm  operators  reported  manure  application  rates  that 
exceed  maximum  acceptable  rates.  On  the  other  hand,  one-quarter  of 
farmers  using  manure  reported  that  they  did  some  winter  spreading. 
This  poses  a  water  quality  hazard  during  periods  of  snow  melt. 

Sixty-three  percent  of  manure  storage  facilities  did  not  have 
retention  walls  or  other  means  to  contain  runoff.  Moreover,  about 
26  out  of  85  are  sufficiently  close  to  an  open  watercourse  to  pose  a 
threat  of  contamination. 

The  built-up  urban  area  occupies  1,357  hectares  of  the  2,033 
hectares  within  Stratford's  boundaries.  Land  uses  in  the  developed 
area  are  as  follows  (U-3): 


residential 

54% 

commercial 

10% 

industrial 

24% 

institutional 

2% 

open 

10% 

These  land  uses  are  served  by  separate  sanitary  and  storm  sewers. 
Storm  sewers  outlet  into  the  river  and  its  impoundments  within  the 
city  boundary.  There  are  a  total  of  123  outfalls,  10  of  which  are 
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major,  draining  78%  of  the  urban  area*.  Storm  sewers  transmit 
roadway  and  surface  runoff,  rural  drainage,  groundwater,  industrial 
cooling  waters  and  inflows  from  connections  with  sanitary  sewers  to 
the  Avon  River. 

Sanitary  sewers  collect  and  transmit  domestic  sewage  and 
cormiercial/industrial  wastewater  to  the  water  pollution  control 
plant.  In  sections  of  the  city  predating  1935,  storm  sewers  carry 
runoff  flows  from  roof  leaders  and  footing  drains  as  well  as 
sewage.  Additional  runoff  flows  enter  via  interconnections  with  the 
storm  sewers  and  via  breaks  and  leaks  along  sewer  mains.  These 
extraneous  flows  in  the  sanitary  sewers  can  cause  flooding  at  the 
water  pollution  control  plant  during  wet  weather.  Partially  treated 
or  raw  sewage  enters  the  river  during  such  episodes**. 


PHOTO  2     STORM  SEWER  FLOW  BEING  MONITORED 
BÏ  PROJECT  STAFF 


*   SAREMP  Tech.  Report  U-7,  "Characterization  and  Control  of  Urban 
Runoff". 

**  SAREMP  Tech.  Report  U-2,  "Inflow/Infiltration  Isolation 
Analysis". 


-  30 


4.      WATER  RESOURCES  IN  THE  AVON  RIVER  BASIN 

4.1  The  Monitoring  Network 

Extensive  monitoring  of  water  quality  and  stream  flow  took  place  in 
the  Avon  Basin  throughout  1980  and  1981*.  Monitoring  programs 
included  intensive  surveys  of  runoff  events,  routine  surveys  and 
continuous  monitoring  of  flows  and  dissolved  oxygen  at  certain 
locations.  For  this  effort,  a  network  of  sampling  stations  was 
established  (Figure  3).  Stations  lA,  IB,  IC,  ID,  2,  4  and  7A  are  on 
small  municipal  drains;  Stations  1  and  3  are  in  the  main  channel 
above  Stratford,  Station  5  is  within  Lake  Victoria  and  Station  6  is 
below  the  John  Street  Weir  but  above  the  pollution  control  plant. 
The  remaining  Stations,  7  to  13,  are  in  the  main  channel  below  the 
control  plant.  Station  5  marks  the  division  between  the  upper  and 
lower  basins. 

In  addition  to  this  stream  monitoring,  sewage  and  storm  sewer 
effluents  were  also  monitored  to  characterize  urban  impacts  on 
stream  flow. 

Most  of  the  monitoring  effort  was  carried  out  through  the  summer  or 
growing  season  (May  to  September).  This  was  in  keeping  with  the 
nature  of  water  quality  problems  in  the  Avon  River  which  arise 
primarily  during  the  sunnier  months. 

4.2  Surface  Water  Quantity 

Monthly  flows  at  Station  10  (Federal  Gauge  GD018)  for  1980  and  1981 
are  depicted  in  Figure  4  along  with  the  long-term  (1965-1981)  mean 
monthly  flow.  The  annual  average  flows  for  these  three  periods. 


*   SAREMP  Tech.  Report  S-3,  "Water  Quality  Monitoring  of  the  Avon 
River" . 
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Figure  4  :   MONTHLY  FLOWS  AT  STATION  10 
(1980,  1981.  1965-  1981) 


-  '^?,  - 


1980,   1981  and   1955-1981,   are  respectively  1.97,   1.94  and   1.74 

•3       1 

in  sec  .   1980  flows  proved  to  be  quite  similar  to  the  long-term 
historical  record.  Flows  over  the  1980  growing  season  (May  to 
September)  accounted  in  total  for  21%  of  annual  discharge  and  13%  of 

runoff  flows.  The  mean  baseflow  for  this  period  was  0.35 

3   -1 
m  sec  . 


An  analysis  of  summer  dry  weather  sewage  and  storm  sewer  effluent 

flows  over  the  period  1980-1981  indicated  that  the  water  pollution 

3   -1 
control  plant  contributed  0.2  m  sec   to  the  stream,  while  a 

3    1 
further  0.1  m  sec   came  from  storm  sewers*.  Subtracting  these 


(■,  two  flows  from  the  dry  weather  flow  at  Station  10,  cited  above, 

3   -1 
leaves  0.05  m  sec  .  This  is  the  mean  dry  weather  yield  from 

rural  areas  above  Station  10  during  the  1980  growing  season. 


Two  important  conclusions  can  be  drawn  from  this  flow  data.  Both 
point  to  the  pervasive  influence  of  the  urban  area  during  low  flow 
periods.  The  first  is  that  under  typical  dry  weather  conditions  the 
dilution  ratio  for  sewage  effluent  is  less  than  1:1.  Sewage 
effluent  can  therefore  be  expected  to  have  a  marked  impact  on  water 
quality.  The  second  conclusion  relates  to  the  yield  of  flow  from 

urban  and  rural  areas,  which  respectively  measure  0.007  and  0.0003 

3     1    1 
m  sec.   ha  .  The  order  of  magnitude  difference  between 

these  values  might  be  explained  by  the  volume  of  industrial  cooling 

water  discharged  to  storm  sewers  or  by  the  fact  that  the  storm 

sewers  constitute  a  very  efficient  drainage  network  for  ground  water 

within  the  city.  In  either  case,  storm  sewer  flows,  like  flows  from 

the  water  pollution  control  plant,  can  be  expected  to  have  a 

prominent  impact  during  dry  weather  on  the  Avon  River  below  and 

within  Stratford. 

Notwithstanding  these  conclusions  rural  flows  should  not  be 


SAREMP  Tech.  Report  U-3,  "Characterization  of  Urban  Dry  Weather 
Loadings" . 
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discounted  in  the  analysis  of  water  quality  below  Stratford.  Dry 
weather  flows  account  for  only  29%  of  the  total  summer  discharge  at 
Station  10.  Assuming  that  wet  weather  flows  measured  net  of 
baseflow  are  contributed  in  proportion  to  catchment  area,  then  rural 
flows  account  for  over  half  (56%)  of  the  total  surimer  discharge  at 
Station  10. 

In  water  quality  planning,  an  attempt  is  made  to  safeguard  the 
receiving  stream  against  extreme  pollution  events.  A  standard  flow 
condition  for  this  extreme  case  analysis  is  the  minimum  seven-day 
flow  that  is  expected  to  occur  in  a  20-year  period.  Such  a  drought 

flow  has  a  very  low  assimilative  capacity.  For  the  Avon  River,  this 

3    -1 
flow  was  estimated  to  be  0.11  m  sec   at  station  10  below  the 

city*.  On  subtracting  the  sewage  effluent  flow  from  this  amount, 

3    -1 
one  is  left  with  0.0022  m  sec  .  Essentially,  this  means  that 

there  is  no  instream  dilution  of  sewage  effluent  under  extreme 

conditions. 


PHOTO  3       THE  AVON  HIVER  IS  USUALLY  CHARACTERIZED 
BY  EXTREMELY  LOW  FLOWS  IN  LATE  SUMMER 


SAREMP  File  Report,  "Statistical  Analysis  of  Flow  Data' 
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4.3     Surface  Water  Quality 

Stream  water  quality  is  an  obvious  measure  of  the  environmental 
impact  of  human  activities.  These  impacts  influence  not  only  the 
diversity  and  health  of  the  natural  aquatic  environment  but  also 
adversely  influence  the  benefits  to  be  derived  from  a  river  system. 
Standards  with  which  to  judge  water  quality  impairment  have  been 
published  by  the  Ontario  Ministry  of  the  Environment*.  These 
Provincial  Water  Quality  Objectives  are  used  here  to  assess  water 
quality  in  the  Avon  River.  Generally,  the  Avon  River  suffers  severe 
water  quality  impairment  as  a  result  of  the  intensity  of  land  uses 
in  the  watershed.   Impairment  problems  fall  into  four  categories:  a) 
Eutrophication,  b)  Materials  toxic  to  aquatic  life,  c)  Sediment 
contamination,  d)  Bacterial  contamination. 

4.3.1    Eutrophication 

Eutrophication,  or  nutrient  enrichment,  is  by  far  the  most  complex 
and  pervasive  problem  in  the  Avon  River.  This  results  from  the 
elevated  concentrations  of  phosphorus  found  both  above  and  below 
Stratford  during  the  growing  season.  Excessive  phosphorus  fosters 
the  growth  of  dense  mats  of  algae  (Cladophora  glomerata)  and  other 
aquatic  plants  wherever  appropriate  growing  conditions  prevail. 
These  growths  of  aquatic  plants,  through  their  respiration  and 
photosynthesis,  cause  a  marked  exaggeration  of  the  normal  diurnal 
cycle  of  dissolved  oxygen  in  the  stream.  Fluctuating  oxygen  levels, 
particularly  the  low  night-time  levels,  stress  fish  and  other  forms 
of  aquatic  life. 

Annual  and  summer  concentrations  of  total,  bioavailable  and  soluble 
phosphorus  are  shown  in  Figure  5.  The  bioavailable  fraction  is  of 
particular  interest  here  since  it  is  this  fraction  that  aquatic 
plants  can  use  as  a  nutrient**.  The  guideline  for  total  phosphorus. 


"Water  Management -Goals,  Policies,  Objectives  and  Implementation 

Procedures  of  the  Ministry  of  the  Environment".  Ontario 

Ministry  of  the  Environment,  Nov.  1978. 

The  bioavailable  fraction  here  is  estimated  as  soluble 

phosphorus  plus  one  third  of  particulate  phosphorus  (see  SAREMP 

Tech.  Report  S-12  "Phosphorus  Bioavailability  of  the  Avon 

River"). 
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0.03  fng/L,  is  set  at  a  level  considered  limiting  for  aquatic  plant 
growth.  During  the  surmier,  mean  total  phosphorus  exceeds  the 
guideline  by  56%  to  380%  at  various  points  on  the  river. 

The  impact  of  biological  activity  and  other  instream  processes  on 
phosphorus  is  apparent  in  Figure  5.  Note  the  decline  in  phosphorus 
concentrations  as  flows  travel  from  the  drains  into  the  main  channel 
above  Stratford,  as  they  pass  through  Lake  Victoria  and  again  as 
high  inputs  from  the  water  pollution  control  plant  travel  down  to 
the  mouth.  The  loss  of  phosphorus  shown  here  results  from 
sedimentation  of  particulate  and  adsorbed  phosphorus  and  from  uptake 
by  attached  algae,  rooted  macrophytes  and  phytoplankton*. 

The  algae  and  macrophytes  growing  in  open  channels  above  and  below 
the  City  follow  a  pronounced  seasonal  growth  cycle  as  shown  in 
Figure  6.  Growth  of  the  most  abundant  type  of  algae,  Cladophora 
glomerata  commences  in  May,  peaks  dramatically  in  June  and  dies 
off.  Macrophytes  tolerant  of  warmer  water  temperatures  then  take 
over  and  peak  through  July  or  August.   In  June,  50  tonnes  (dry 
weight)  of  aquatic  plants  may  clog  the  river**.  ' 

The  depression  of  dissolved  oxygen  concentrations  at  night  is  the 
most  severe  consequence  of  luxuriant  aquatic  plant  growth  in  the 
Avon  River.  The  Provincial  Water  Quality  Objective  for  dissolved 
oxygen  requires  levels  to  remain  above  47%  of  the  oxygen  saturation 
level.  This  translates  to  approximately  4  mg/L  for  summer 
conditions  on  the  Avon.  Oxygen  concentrations  were  monitored  at 
Stations  1  and  12  throughout  the  summers  of  1980  and  1981.  The 
minimum  values  observed  each  day  have  been  tabulated  and  plotted  in 
the  form  of  frequency  histograms  in  Figure  7.  Violations  occurred 
on  40%  of  the  days  at  Station  1  and  on  58%  of  the  days  at  Station 
12.  Upstream  conditions  tend  to  be  somewhat  better  than  those  below 
Stratford  since  instream  growing  conditions  are  often  not  suitable 
for  Cladophora  above  Stratford. 


*   SAREMP  Tech.  Report  R-15,  "Statistical  Modelling  of  Instream 

Phosphorus". 
**  SAREMP  Tech.  Report  S-6,  "Growth  of  Aquatic  Plants  in  the  Avon 

River". 
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ANNUAL  CONCENTRATIONS 


RURAL 
DRAINS 


MONITORING  STATIONS 


SUMMER  CONCENTRATIONS 
(May  tc  September) 


TOTAL  PHOSPHORUS 


PWQO  — ^K? -= 


RURAL 
DRAINS 


MONITORING  STATIONS 


Figure  5  :   MEAN  PHOSPHORUS  CONCENTRATIONS 

»  see  figure  3  for  locations  of  monitoring  stations. 
Rural  drains  include  stations  1A,1D,  2,  4,  7A. 
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Figure  6  :   AQUATIC  PLANT  GROWTH  IN  1982  AT  STATION  13 
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STATION  12  BELOW  STRATFORD 
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Figure  7  :  DISTRIBUTION  OF  MINIMUM  DAILY 
DISSOLVED  OXYGEN  VALUES 


40 


4.3.2    Materials  Toxic  to  Aquatic  Life 

Attention  in  this  section  turns  to  substances  that  pose  a  threat  to 
aquatic  life.  The  most  pressing  of  these  are  chlorine  and 
ammonia  which  are  found  below  Stratford  at  concentrations  that  are 
at  times  acutely  toxic.  Of  less  concern  are  certain  heavy  metals 
which  occur  at  chronically  toxic  levels  both  above  and  below  the 
City. 

Armionia  and  chlorine  originate  from  a  point  source,  the  Water 
Pollution  Control  Plant,  Their  instream  impact  is  attenuated  over 
time  as  natural  instream  processes  transform  or  decay  them  into 
non-toxic  substances.  The  receiving  stream  therefore  has  a 
measurable  assimilative  capacity  defined  by  the  rate  of  instream 
decay  of  ammonia  and  chlorine  and  by  the  pattern  of  mixing  of 
effluent  with  streamflow  resulting  from  the  channel  and  treated 
sewage  outfall  configurations.  The  Ministry  of  the  Environment's 
guidelines  stipulate  that  instream  concentrations  of  unionized 
ammonia  (the  toxic  fraction  of  ammonia)  and  of  chlorine  should  not 
exceed  0.02  and  0.002  mg/L  respectively.  These  values  provide  a 
margin  of  safety  for  the  protection  of  aquatic  life.   In  addition, 
guidelines  allow  for  a  limited  mixing  zone  in  which  stream 
guidelines  may  be  violated  provided  acutely  toxic  conditions  don't 
exist  within  this  zone. 

Over  the  summer  period  of  1980  and  1981,  30%  of  the  total  ammonia 
observations  at  Station  7  below  the  Water  Pollution  Control  Plant 
were  high  enough  to  indicate  a  violation  of  the  unionized  ammonia 
guideline*.  At  stations  8  and  9  this  fraction  fell  to  19%  and  It 
respectively.  During  cold  weather,  a  violation  of  the  unionized 
ammonia  Objective  occurred  only  once,  out  of  16  observations  at 
Station  7. 

Modelling  analysis  provided  supporting  evidence  of  violations  of  the 
Provincial  Water  Quality  Objective  for  unionized  ammonia  across  the 


SAREMP  Tech.  Report  S-3,  "Water  Quality  Monitoring  of  the  Avon 
River",  (see  data  appendix). 
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width  of  the  river  (S-5).  Moreover,  along  the  nearshore  below  the 
effluent  outfall,  modelling  analysis  suggested  the  presence  of 
acutely  toxic  concentrations  of  unionized  ammonia,  0.54  mg/L,  under 
adverse  conditions  of  flow,  temperature  and  effluent  quality. 
Approximately  30%  of  the  time  effluent  quality  was  good  enough  to 
prevent  violations. 

Chlorine  is  subject  to  more  rapid  instream  decay  than  ammonia. 
Consequently,  the  extent  of  the  zone  of  violation  for  chlorine  is 
within  300  meters  as  opposed  to  1000  meters  or  more  for  ammonia.  On 
the  other  hand  the  chlorine  inputs  are  considerably  more  toxic  since 
treated  sewage  effluent  concentrations  normally  are  about  0.5  mg/L. 
With  a  dilution  factor  of  1:1  or  less,  instream  concentrations  can 
readily  exceed  0.2  mg/L  and  chlorine  has  proven  acutely  toxic  to  a 
variety  of  fish  at  levels  well  below  this*.  An  intensive  survey  of 
toxic  conditions  below  the  treatment  plant  in  September  of  1982 
found  100%  mortality  within  46  hours  of  rainbow  trout  caged  at  a 
distance  of  200  meters  below  the  outfall.  Chlorine  concentrations 
were  the  likely  cause  of  the  mortality**. 

Heavy  metals  were  assayed  in  both  the  water  column  and  the  streambed 
sediments.  Unlike  ammonia  and  chlorine,  heavy  metals  do  not  decay 
with  time.  They  either  are  carried  through  to  the  mouth  in  soluble 
or  suspended  particulate  form  or  they  settle  out  to  join  streambed 
sediments.  In  the  water  column,  persistent  evidence  of  violations 
were  observed  for  copper,  aluminum  and  zinc.  The  Provincial  Water 
Quality  Objectives  for  copper  and  zinc  are  0.005  and  0.03  mg/L 
respectively,  while  the  recommended  tolerance  limit  for  aluminum  is 
0.1  mg/1.  Mean  values  observed  along  the  Avon  River  are  shown  in 
Figure  8.  Aluminum  and  copper  are  prevalent  both  above  and  below 
Stratford  and  aluminum  in  particular  seems  to  be  associated  with 
rural  sources.  Zinc  on  the  other  hand  seems  to  be  largely  urban  in 
origin.  Copper  and  zinc  together  may  exhibit  a  synergistic 
enhancement  of  their  toxic  effect. 


*   MOE  "Rationale  for  the  Establishment  of  Ontario's  Provincial 

Water  Quality  Objective"  Sept.  1979,  pg.  37-39. 
**  Personal  communication,  D.  Veal,  MOE,  London  office. 
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4.3.3    Sediment  Contamination 

Suspended  sediment  concentrations  observed  in  the  Avon  River  are  typical 
of  agricultural  watersheds,  i.e.  highly  variable  and  elevated  during 
periods  of  rain  or  snow-fed  runoff.  Mean  annual  concentrations  along  the 
river  vary  between  11  and  23  mg/L.  Values  ranging  between  0.5  and  293 
mg/L  were  observed  in  the  routine  monitoring  program*.   Intensive  surveys 
of  the  spring  freshet  in  1982  revealed  overland  runoff  flows  carrying  in 
excess  of  1,000  mg/L  and  concentrations  in  the  main  channel  below 
Stratford  ranging  between  300  mg/L  and  700  mg/L**. 

While  sustained  concentrations  of  the  magnitudes  cited  above  can  damage 
fish  cotmiunities***,  this  loading  of  suspended  particulates  is  a  problem 
primarily  because  of  the  sedimentation  and  clogging  of  drains  that 
results,  the  association  of  suspended  sediment  with  phosphorus,  and 
aesthetic  impairment. 

The  problem  of  sedimentation  was  graphically  displayed  by  means  of  a 

sedimentation  basin  constructed  on  the  Avon  Drain  above  Station  lA.  Over 

3 
a  two-year  period,  788  m  of  accumulated  sediments  were  removed  from 

£ 

this  basin  .   In  total,  83,000  tonnes  of  material  were  estimated  to 

erode  from  basin  soils  in  a  typical  year;  6,200  tonnes  of  this  material 

## 
are  carried  out  of  the  basin  in  runoff  flows  .  The  balance  is 

deposited  in  low  lying  areas  and  in  the  channels  and  impoundments  of  the 

river  system. 


*  SAREMP,  op.  cit. 

**       Personal    communication,   D.   Coleman,   Environment  Canada, 
Burlington. 

***     MOE  op.   cit,   pg.   144-145 

*  SAREMP  Tech.  Report  R-13,  "Sediment  Basin  Demonstration 
Project". 

#*   SAREMP  Tech.  Report  R-4,  "Identification  of  Priority 
Management  Areas  in  the  Avon  River". 
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In  addition  to  overland  erosion  described  above,  streambank  and 
gully  erosion  also  contribute  to  sediment  loads.  Gully  erosion  is 
largely  a  local  problem  in  the  basin  since  the  topography  and  soils 
are  not  conducive  to  major  gullying.  However,  streambank  erosion  is 
a  significant  source,  adding  possibly  20%  of  the  load  from  overland 
erosion  or  1,240  tonnes  of  suspended  sediment  annually*. 

The  problem  of  sediment-associated  phosphorus  relates  back  to  the 
discussion  of  eutrophication  in  Section  (4.3.1).  Phospnorus  is 
carried  with  eroded  soil  particles  into  the  river  system.  The  total 
estimated  phosphorus  load  delivered  from  the  basin  in  this  manner 
over  a  typical  surmer  is  1.1  tonne**. 


PHOTO  5       SEDIMENTATION  BASIN  AND  METEOROLOGICAL  MONITORING 
INSTRUMENTS  IN  THE  UPPER  AVON  BASIN 


ibid. 


**   SAREMP  Tech.  Report  R-15,  "Statistical  Modelling  of  Instream 
Phosphorus". 
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4.3.4    Bacterial  Contamination 

Bacterial  contamination  observed  in  the  Avon  River  is  the  problem  of 
greatest  concern  where  human  uses  of  the  stream  are  involved.  Like 
suspended  sediment,  concentrations  of  bacteria  were  highly  variable 
with  episodes  of  contamination  being  related  to  météorologie  and 
other  events  in  the  basin. 

Bacterial  groups  or  species  monitored  in  the  basin  included  fecal 
conforms,  fecal  streptococcus  and  Pseudomonas  aeruginosa.  The 
first  two  groups  are  indicator  organisms  used  to  infer  the  possible 
presence  of  pathogenic  (disease-producing)  bacteria.  Pseudomonas 
aeruginosa  is  a  bacterium  associated  with  ear,  eye,  nose,  throat  and 
skin  infections.  The  Provincial  Water  Quality  Objective  for  fecal 
coliform,  100  organisms  per  100  ml  on  average,  was  regularly 
violated  throughout  the  basin  (see  Figure  9).  Moreove»",  individual 
samples  were  on  occasion  hundreds  of  times  greater  than  the 
Objective  (see  Table  3).  Counts  of  Pseudomonas  aeruginosa  were 
generally  below  4  but  values  in  the  hundreds  were  observed  at  all 
but  two  of  the  sampling  stations.  Some  limited  evidence  of  the 
presence  of  Salmonel la  sp.  was  also  obtained.  This  organism  is  a 
health  risk  to  both  livestock  and  humans. 


46 


rt 


ce 

HI 

û. 

CO 
CO 

z 
< 

g 

o 

8 


•*       O) 


00 


K         é 


CO   ^ 
Z  CO 


•<      «3 


Z  "^ 

O  «U 


« 
_IC0 

^< 
œg 


o 
o 


o 
in 


cc 

LLI 
> 

CC 

z 

o 
> 

< 

m 

X 


CO 

z 

LU 
Û 

DC 
O 

_J 

o 
o 

_l 

< 
o 

lU 


CU 


< 

CO 


(0 

c 
o 

to 

0) 


CO 

Ç 

CO 
« 


(%)  aoNBbnooo  do  AONgnoauj 


TABLE  3:  FECAL  COLIFORMS  IN  THE  AVON  RIVER  -  1980,  1981 

Source:  SAREMP  Tech.  Report  S-3, 
"Water  Quality  Monitoring  of  the  Avon  River  -  1980,  1981" 


SAMPLING 
STATION 

GEOMETRIC 
MEAN 

MAXIMUM 
OBSERVATION* 

SAMPLE 
SIZE 

•densi 

ity/100  ml 

•  •*•••••• 

lA,  IC, 

ID,  2,  4,  7^ 

I     294 

30,000 

124 

(rural 

drai  ns) 

1 

377 

15,200 

29 

3 

497 

G 

36,000 

30 

5 

293 

13,300 

29 

- 

6 

211 

1,900 

28 

7 

810 

123,000 

32 

8 

465 

G 

35,500 

28 

9 

335 

13,200 

27 

10 

332 

14,100 

27 

11 

249 

G 

28,000 

27 

12 

178 

G 

24,000 

26 

13 

192 

G 

19,500 

30 

"G"  denotes  "greater  than" 


48 


4.4  The  Aquatic  Ecosystem 

Dissolvea  oxygen  depletion  is  a  major  limitation  in  the  aquatic 
ecosystem  both  above  and  below  Stratford.  Immediately  below 
Stratford,  toxic  concentrations  of  aimionia  and  chlorine  are  an 
additional  limitation.  Investigations  were  undertaken  in  SAREMP  to 
further  ciiaracterize  the  aquatic  ecosystem  and  the  fishery  that  it 
supports.  Results  of  these  investigations  are  summarized  in  Table  4. 

Stable  communities  of  warm  water  fish  are  found  in  the  river  above 
and  below  Stratford.  A  put-and-take  rainbow  trout  fishery  has  been 
maintained  in  Shakespeare  Pond  by  the  Ministry  of  Natural  Resources, 
and  the  City  of  Stratford  has  recently  tried  stocking  Lake  Victoria 
with  largemouth  bass.  Shallow  depth,  high  temperatures  and  the  lack 
of  shade  producing  riparian  vegetation  have  been  identified  as 
constraints  against  any  improvements  of  the  fishery  below 
Stratford.  Streambank  erosion  and  cattle  access  are  constraints 
against  improvement  above  Stratford. 

4.5  Uses  of  the  Avon  River 

A  major  use  of  the  river  is  livestock  watering.  There  are 
approximately  36  cattle  access  sites  along  the  river  and  its 
tributaries.  These  account  for  24%  of  total  pasture  area  and 
involve  32  of  the  182  livestock  operations  in  the  basin*.  Materials 
in  the  Stratford-Perth  County  Archives  suggest  that  the  practice  of 
watering  cattle  in  the  river  was  common  at  least  as  far  back  as  the 
turn  of  the  century. 

An  equally  important  use  of  the  river  and  its  tributaries  is  as  an 
ojtlet  for  drainage  and  waste  water  flows.  In  rural  areas,  these 
include  tile  drainage  and  overland  runoff  flows  from  cropland.  In 
Stratford,  the  storm  sewer  system  outlets  into  Lake  Victoria  and 
downstream  reaches,  and  the  sewage  effluent  enters  the  river  above 
Lome  Avenue. 


*   SAREMP  Tech.  Report  R-19,  "An  Intensive  Water  Quality  Survey  of 
Stream  Cattle  Access  Sites". 
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The  Avon  fishery  is  harvested  by  10  to  13  licensed  bait-fishermen. 
Their  reported  harvest  in  1980,  1410  kg,  was  valued  at  $5,600. 
Estimated  sports  fishing  effort  in  the  basin  is  2250  angler  hours, 
1750  of  which  are  expended  in  Shakespeare  Pond. 

Shakespeare  Pond  provides  swimming  facilities.  Picnicing  and 
boating  opportunities  are  provided  at  Lake  Victoria  and  Shakespeare 
Pond.  Lake  Victoria  is  of  course  a  major  aesthetic  resource  for  the 
City  of  Stratford. 
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PHOTO  6       LAKE  VICTORIA  SURROUNDED  BY  PARKLAND 
IN  THE  CENTRE  OF  STRATFORD 
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5.      WATER  QUALITY  MANAGEMENT  MEASURES 

5.1     Introduction 

Section  4.3  described  water  quality  problems  that  are  found  in  the 
Avon  River,  focussing  on  the  instream  nature  of  these  problems.  In 
this  section,  alternative  remedial  actions  for  these  water  quality 
problems  are  identified  and  discussed.  This  sub-section  provides  a 
sunmary  description  of  all  remedial  measures  and  undertakes  a 
screening  of  these  to  eliminate  those  that  are  infeasible  or 
otherwise  not  worthy  of  further  investigation.  Remaining  measures 
are  described  at  length  in  subsequent  sections  which  are  organized 
by  type  of  water  quality  problem. 

Remedial  measures  discussed  in  this  section  are   explicit  actions  or 
installations  that  will  reduce  water  quality  impairment.  This 
precludes  administrative,  investigative  and  other  activities  that 
are  meant  to  facilitate  implementation.  These  are  the  topic  of 
Section  6. 

Information  from  background  investigations  has  been  summarized  in 
Table  5  in  a  form  that  will  permit  a  ready  comparison  of  project 
impacts  and  costs.  This  summary  is  used  to  support  a  screening 
exercise  in  which  infeasible  or  inferior  remedial  measures  are 
eliminated  from  further  analysis.  The  remedial  measures  are 
organized  into  urban,  rural  and  instream  categories.  A  description 
of  remedial  measures  is  provided  in  Appendix  1. 

Capital  and  operating  and  maintenance  costs  are  accounted  for  over  a 
20  year  planning  horizon.  All  costs  presented  in  the  summary  table 
are  expressed  as  capitalized  or  present  values.  These  are  estimated 
using  an  interest  rate  measured  net  of  inflation  of  7%. 

Water  quality  impacts  in  Table  5  do  not  include  heavy  metals  since 
no  remedial  measures  address  this  source  of  contamination.  Evidence 
of  heavy  metal  contamination  was  not  considered  serious  enough  to 
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warrant  much  attention  within  SAREMP.  Rather  it  is  expected  that 
existing  MOE  monitoring  and  regulatory  activities  can  be  relied  upon 
to  address  existing  problems  with  heavy  metals. 

The  projects  that  have  been  eliminated  are   listed  in  Table  6.  High 
costs,  infeasibility  and  small  impacts  are  the  most  frequent 
arguments  for  dropping  measures.  Only  one  stream  management  project 
remains.  This  is  stream  shading  with  a  riparian  tree  planting 
program.  This,  along  with  a  number  of  phosphorus  control  options  are 
the  proposed  controls  for  eutrophication.  A  number  of  rural  measures 
control  sediment  and/or  bacteria  as  well  as  phosphorus.  Urban 
measures  include  controls  for  phosphorus,  ammonia,  chlorine  and 
bacteria. 

5,2     Control  of  Eutrophication 

While  phosphorus  contamination  is  the  cause  of  eutrophication, 
phosphorus  reductions  are  not  necessarily  the  only  management 
option.  The  notable  manifestations  of  eutrophication  are  luxuriant 
algal  growth  and  concomitant  depressions  of  dissolved  oxygen 
concentrations  at  night.  Remedial  measures  can  attack  these 
"symptoms"  rather  than  the  cause.  Such  measures  act  on  the  stream 
itself.  A  number  of  these  were  evaluated  in  SAREMP  and  are  included 
in  Table  5  above.  Of  the  methods  listed  in  this  table  only  one,  tree 
shading,  proved  to  be  both  feasible  and  effective.  This  remedial 
action  calls  for  planting  of  both  banks  of  the  Avon  River  below 
Stratford  using  a  wide-crowned,  water-tolerant  tree  species  such  as 
black  willow  (Salix  nigra).  Planting  costs  would  amount  to  about 
$41,000  while  property  easements  could  increase  total  costs  to 
$250,000*.  A  50%  to  80%  reduction  of  aquatic  plant  growth  is 


*   SAREMP  Tech.  Report  S-15,  "Design  of  an  Arboreal  Shade  Project 
to  Control  Aquatic  Plant  Growth". 
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MEASURE 


TABLE  6-  LIST  OF  REMEDIAL  MEASURES  TO  BE  DROPPED 


RATIONALE  FOR  BEING  DROPPED 


Weir  Aeration 
O2  injection 

Channelize  Stream 
Herbicide  Treatment 
Algae  Harvesting 

Flow  Augmentation 
Dechlorination 

Vacuum  Truck  Street  Sweeping 
Roof  Leader  Disconnection 
Urban  Runoff  Retention  Ponds 
Cross-Slope  Farming* 
Contour  Farming 
Spring  Plowing 
Crop  Rotations* 


-  minor  impact,  low  feasibility 

-  high  cost,  insufficient  number 
of  suitable  construction  sites 

-  environmental  disruption,  high  cost 

-  toxicity  problem  instream 

-  low  feasibility,  envii^onmental 
disruption,  high  cost 

-  infeasible 

-  higher  cost  than  ultraviolet  light 
system 

-  minor  impact 

-  minor  impact 

-  infeasible,  not  enough  land  available 

-  already  widely  practiced 

-  infeasible  in  areas  where  it  is  needed 

-  minor  impact,  high  cost 

-  already  widely  practiced 


*  No  explicit  recommendation  involving  these  measures  is  made  but 
their  continued  use  is  strongly  advocated. 
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anticipated  for  the  amount  of  shade  provided  by  black  willow*.  This 
degree  of  impact  will  not  be  attained  until  trees  reach  maturity 
after  25  or  30  years. 


PHOTO   ? 


BLACK  WILLOW 
TREES  ALONG 
STREAMBANKS 
HELP  TO 
REDUCE 
NUISANCE 
AQUATIC 
PLANT  GROWTH 
AND  MAINTAIN 
COOLER  WATER 
TEMPERATURES 
BY  PROVIDING 
SHADE 


Phosphorus  contamination  is  the  principal  cause  of  eutrophication  in 
the  Avon  River.  Phosphorus  inputs  to  the  river,  which  are  indicated 
in  Table  7,  originate  from  rural  and  urban  sources.  The  impacts  of 
various  measures  on  phosphorus  inputs  are  described  here  as  well. 

Among  the  urban  control  measures  listed  in  Table  5,  those  at  the 
water  pollution  control  plant  provide  the  greatest  impact.  Advanced 
phosphorus  removal  is  an  extension  of  an  existing  tertiary 
phosphorus  removal  system  which  employs  single  point  alum  addition 
and  sand  filtration.  Installation  of  the  existing  system  was 


*   SAREMP  Tech.  Report  S-14,  "Experiments  to  Control  Aquatic  Plant 
Growth  by  Shading". 
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TABLE  7:  SUMMARY  OF  PHOSPHORUS  INPUTS  TO  THE  AVON  RIVER 

Source:  SAREMP  Tech.  Report  R-15, 
"Statistical  Analysis  of  Instream  Phosphorus" 


INPUT 
SOURCE 

PHOSPHORUS  INPUTS 

(kg) 

FEASIBLE 
REDUCTION  (kg) 

May  to  Sept. 

Annual 

May  to  Sept. 

Water  Pollution  Control 
Plant  -  tertiary  effluent 

-  bypass  effluent 

-  Sub-Total 

900 

752 

1,652 

(35%) 

- 

660 

466 

1,126 

Storm  Sewers 

-  wet  weather 

-  dry  weather 

-  Sub-Total 

427 
304 
731 

(15%) 

- 

0 
0 
0 

Lake  Victoria  Waterfowl 

22 

(0.5%) 

- 

0 

Livestock 

-  feedlot  runoff 

-  manure  pile  runoff 

-  cattle  access 

-  Sub-Total 

308 

55 

204 

567 

(12%) 

1,738 
305 
204+ 

2,247+ 

154 

28 

102 

284 

Subsurface  Drains 

219 

(5%) 

1,237 

Overland  Runoff 

1,144 

(24%) 

10,800 

235 

Streambank  Erosion 

132 

(3%) 

1,493 

66 

Background 

296 

(6%) 

- 

0 

TOTALS 

4,763 

15,777* 

1,711  . 

*This  sum  represents  rural  loadings  only,  urban  annual  loadings 
are  not  available. 
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largely  responsible  for  a  90%  reduction  of  total  phosphorus 
concentrations  at  Station  7  that  occurred  between  1970  and  1980*. 
The  fraction  of  effluent  phosphorus  used  by  plants  is  virtually 
eliminated  by  this  measure. 

Wet  weather  bypass  flows  of  sewage  effluent  are  a  surprisingly  large 
source  of  phosphorus.  Bypass  controls  involve  storage  tanks  to 
contain  excess  sewage  influent  until  it  can  be  treated  and  sewer 
repairs  to  reduce  the  influent  volume.  The  first  approach,  using 
storage,  is  relatively  reliable  and  can  be  implemented  in  a  short 
period  of  time.  The  sewer  repair  program  must  be  phased  over  a 
number  of  years  to  permit  time  for  adequate  investigation,  planning, 
construction  and  follow-up  monitoring.  A  bypass  control  program 
would  therefore  involve  new  storage  built  in  the  near  future  to 
eliminate  half  the  number  of  raw  sewage  bypass  events  in  a  typical 
sumner  season.  A  sewer  repair  program  would  follow  over  a  number  of 
years  with  a  targetted  reduction  of  inflows  and  infiltration  of 
35%.  Inadequate  performance  in  this  phase  would  necessitate  the 
construction  of  additional  storage.  These  efforts  should  reduce 
surrmer  raw  sewage  bypassing  from  8  events  now  to  one  during  a 
typical  season. 

The  rural  control  measures  noted  above  involve  crop  and  livestock 
management  techniques.  In  total,  livestock-related  activities  are  a 
signifiant  source  of  summer  phosphorus  loadings,  especially  in  rural 
areas  above  Stratford.  These  loadings  arise  from  the  poor 
environmental  management  of  manure  and  from  animals  in  pasture. 
Ironically,  much  of  the  livestock  housing  and  pasture  are  found  near 
watercourses  where  land  is  less  valuable  for  cropping  or  where 
supplies  of  water  are  more  accessible.  This  increases  the  potential 
for  pollution.  Since  control  measures  are  highly  site-specific, 
their  impacts  and  costs  are  difficult  to  estimate  reliably.  A  50% 
reduction  of  phosphorus  from  these  sources  has  been  assumed  as  a 
reasonable  projection.  The  capital  costs  of  remedial  measures  at  a 
site  may  range  from  several  hundred  to  several  thousand  dollars. 


*   MOE,  "Impact  of  Waste  Inputs  on  the  Quality  of  the  Avon  River", 
London,  June  1979. 
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PHOTO  8       PROPER  CONTAINMENT  OF  LIVESTOCK  WASTES  AND 
CONTAMINATED  FARM  RUNOFF  PROVIDES  NECESSARY 
PROTECTION  TO  RURAL  STREAMS 

Crop  management  techniques  aim  at  reducing  soil  erosion  and  in  so 
doing  they  reduce  the  delivery  to  streams  of  phosphorus  adhering  to 
soil  particles.  This  phosphorus  constitutes  only  30%  of  the 
bioavailable  fraction  of  total  phosphorus.  Moreover,  overland 
erosion  is  a  highly  diffused  process.  For  these  reasons,  there  is 
less  potential  for  controlling  this  source  of  phosphorus  than  for 
others.  The  best  available  control  method  in  this  basin  appears  to 
be  conservation  tillage. 

The  phosphorus  reduction  values  for  conservation  tillage  given  in 
Table  5  are  based  on  an  assumption  of  targetting  to  erosion-prone 
areas  farmed  with  intensive  cropping  systems.  This  area,  1,417  ha., 
comprises  less  than  10%  of  the  total  crop  area  but  contributes  52% 
of  all  phosphorus  from  cropland  erosion*.  Critical  areas  include 
finer  soils  and  sloped  areas  in  close  proximity  to  streams. 


*   SAREMP  Tech.  Report  R-15,  "Statistical  Modelling  of  Instream 
Phosphorus". 
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In  total,  phosphorus  inputs  over  the  May-to-September  period  will 
fall  by  36%,  if  the  rural  and  urban  remedial  actions  recommended 
here  are  implemented.  The  instream  impact  of  this  reduction  is 
given  in  Table  8.  The  phosphorus  concentration  data  provided  here 
are  translated  into  reductions  of  aquatic  plant  growth  and  dissolved 
oxygen  violations,  using  the  relationships  depicted  in  Figures  10 
and  11.  These  relationships  are  based  on  computer  simulation 
modelling  of  Avon  River  water  quality*. 

From  the  results  in  Table  8,  it  becomes  clear  that  while 
improvements  can  be  made,  the  targets  for  phosphorus  and  dissolved 
oxygen  cannot  be  fully  achieved.  Moreover,  without  shading, 
dissolved  oxygen  impacts  resulting  from  phosphorus  reductions  are 
considerably  reduced.  Phosphorus  reductions  are,  however,  the  only 
control  options  that  are  available  in  the  short-term.  Urban 
measures  provide  the  greatest  degree  of  control.  These  do  not  of 
course  affect  rural  water  quality  above  Stratford.  Crop  and 
livestock  management  controls  are  needed  if  rural  improvements  are 
to  be  achieved. 

5 . 3     Control  of  Toxicants 

Barriers  to  Fish  passage  are  now  in  place  below  the  water  pollution 
control  plant  due  to  persistent  chlorine  toxicity  and  frequent 
amnonia  toxicity.  The  chlorine  tends  to  be  acutely  toxic 
inmediately  below  the  treatment  plant  outfall  while  the  ammonia 
toxicity  is  usually  sub-lethal.   It  would  seem  logical  to  promote 
abatement  of  both  problems  since  either  one  alone  poses  a  barrier  to 
fish  travel  and  a  hazard  to  fish  survival  and  reproduction.   In 
light  of  the  relatively  greater  toxicity  of  chlorine,  however,  it 
would  also  make  sense  to  target  on  this  contaminant  first.  A 
pending  review  of  the  Provincial  Objective  for  ammonia  is  another 
reason  for  delaying  the  decision  on  amnonia  toxicity.  Finally,  a 
factor  that  should  not  be  overlooked  is  the  presence  of  two  weirs 


*   SAREMP  Tech.  Report  S-9,  "Avon  River  Instream  Water  Quality 
Modelling". 
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TABLE  8:  REDUCTION  OF  EUTROPHICATION  ON  THE  AVON  RIVER 


SAMPLING 
STATION 

MEAN  PH0SPH0RUS3 
CONCENTRATIONS  XSUMMERJ 
,  EXISTING   AFTER 

REMEDIAL 
EFFORTS 

AQUATIC  BIOMASS 
REDUCTIONS 
WITHOUT  WITH 
SHADE    SHADEb 

DIS.  OXYGEN 
IMPROVEMENTS 
WITHOUT  WITH 
SHADE    SHADEb 

rng/l 

</  

1 

0.059 

0.044 

21 

21 

25 

25 

3 

0.063 

0.044 

25 

25 

30 

30 

6 

0.089 

0.080 

10 

10 

10 

10 

7  ' 

0.146 

0.072 

---  not  app 

licable*^  - 

10 

0.115 

0.070 

35 

G  65 

40 

80 

13 

0.096 

0.062 

30 

G  65 

35 

82 

a)  From  SAREMP  Tech.  Report  R- 
Phosphorus". 

■15, 

"Statistical  Model! 

ing  of  Instream 

b)  "G"  denotes  "greater  than".  Values  above  Station  7  show  no  change 
since  there  is  no  shade  tree  planting  above  Stratford. 

c)  The  biomass  and  dissolved  oxygen  relationships  in  Figure  11  and  12 
are  based  on  Station  13  data  analysis.  Their  application  to  Station 
7  is  not  justified  because  of  the  much  higher  concentrations  there. 
Impacts  at  stations  1  and  3  are  probably  underestimated  while  those 
at  station  10  may  be  over  estimated. 
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Figure  10  :  AQUATIC  PLANT  GROWTH  RESPONSE  TO 
PHOSPHORUS  CONCENTRATIONS 


NOTE  :  plotted  points  represent  simulation  model 
results  from  SAREMP  Tech.  Report  S-9, 
"Avon  River  Instream  Water  Quality  Modelling" 
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Figure  11  :  REDUCTIONS  OF  DISSOLVED  OXYGEN  VIOLATIONS 
RESULTING  FROM  PHOSPHORUS  REDUCTIONS 
TO  CONTROL  AQUATIC  PLANT  GROWTH 
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a  short  distance  above  the  water  pollution  control  plant  outfall. 
These  physical  barriers  to  fish  passage  obviate  the  concern  over  a 
zone  of  passage  for  fish  within  the  river  and  reduce  the  problem  to 

one  of  fish  survival  and  growth  in  the  vicinity  of  the  treatment 
plant. 

5.3.1    Anmonia 

Ammonia  toxicity  originates  from  the  water  pollution  control  plant. 
Ammonia  is  a  normal  constituent  of  domestic  sewage.  In  the  course 
of  standard  secondary  treatment,  anmonia  is  normally  decomposed  or 
"nitrified"  into  non-toxic  nitrogen  oxides.  During  periods  of  dry 
weather,  the  Stratford  treatment  plant  achieves  a  degree  of 
nitrification  that  reduces  effluent  ammonia  to  1.0  mg/L.  This  level 
of  performance  prevails  32%  of  the  time  but  the  average  summer 
concentration  is  2.6  mg/L*.  This  is  due  to  the  fact  that  elevated 
effluent  flows  associated  with  wet  weather  disrupt  the  biological 
processes  in  the  aeration  tanks  that  nitrify  sewage.  These 
disruptions  lead  to  effluent  anmonia  concentrations  that  range  up  to 
12.6  mg/L.  This  erratic  performance  will  in  part  be  rectified  by 
flow  stabilization  provided  by  the  storage  tanks  discussed  above. 
These,  however,  do  not  adequately  insure  steady  aeration  tank 
performance.  The  stipulated  performance  criterion  for  the  sumner 
period  is  that  tertiary  effluent  ammonia  should  average  1.0  mg/L  and 
that  it  does  not  exceed  3.0  mg/L**.  A  concentration  of  1.0  mg/L 
will  satisfy  the  Objective  for  ammonia  under  the  extreme  case  of  a 
zero  upstream  dilution  flow  (see  section  4.2  above)***.  To  meet 
this  criterion,  the  aeration  facilities  must  be  upgraded  and 
possibly  enlarged.  Modifications  to  the  aeration  facilities 
combined  with  flow  equalization  by  storage  tanks  would  largely 
eliminate  violations  caused  by  tertiary  effluent  armonia. 


*   SAREMP  Tech.  Report  S-8,  "Dispersion  of  Stratford  Sewage 
Treatment  Plant  Effluent  into  the  Avon  River". 

**  C.W.  Brink,  Letter  and  attached  documents  to  R.  Phillips  dated 
Oct.  20,  1982  re  "Upgrading  of  Sewage  Treatment  Facilities". 

***  M.  Fortin,  memorandum  to  C.  Schenk  dated  June,  1983 
re:  "Analysis  of  Ammonia  decay  in  the  Avon  River." 
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The  erratic  operation  of  the  aeration  system  causes  prolonged 
periods  of  chronic  or  sub-lethal  toxicity.  The  wet  weather  episodes 
that  upset  the  aeration  system  also  cause  bypassing.  Very   high 
levels  of  ammonia  are  found  in  untreated  bypass  flows.  These 
concentrations  cause  acutely  toxic  zones  below  the  outfall  and  may 
result  in  violations  extending  1,000  to  10,000  metres  downstream. 
Bypass  controls  that  are  discussed  above  eliminate  the  acute 
toxicity  whenever  bypassing  is  eliminated.  For  bypass  events  that 
are  only  partially  contained,  the  toxic  condition  is  only  marginally 
improved  although  the  duration  of  the  event  and  thus  of  the  toxic 
condition  is  generally  significantly  reduced*. 

5.3.2  Chlorine 

Like  amnonia,  chlorine  toxicity  is  caused  entirely  by  the  Stratford 
sewage  treatment  plant.  Chlorine  is  used  to  disinfect  sewage 
effluent  before  it  is  discharged  to  the  river. 

Unlike  ammonia,  there  is  far  less  leeway  for  correction  of  this 
problem  using  adjustments  or  extensions  of  existing  systems.  To 
achieve  a  "zone  of  passage"  covering  60%  of  the  channel  width  in 
which  the  Objective  for  total  residual  chlorine  is  satisfied,  the 
effluent  chlorine  residual  must  be  virtually  eliminated**.  Effluent 
requirements,  which  range  from  0.08  mg/L  down  to  0.004  mg/L  under 
various  conditions,  cannot  be  achieved  while  still  maintaining 
adequate  disinfection.  Ultraviolet  light  disinfection  would 
eliminate  the  chlorine  residual  and  thus  fully  satisfy  the  Objective 
for  chlorine. 

Bypass  flows  of  sewage  do  not  presently  cause  any  chlorine  toxicity 
since  these  flows  are  not  now  disinfected.  The  high  bacterial 
contamination  of  these  flows  has  prompted  a  recommendation  that  they 
be  chlorinated.  The  decision  to  chlorinate  bypass  flows  must  take 
into  account  the  acute  periodic  chlorine  toxicity  that  will  likely 
result  from  such  a  practice.  The  periods  of  chlorine  toxicity  are 
of  short  duration,  ranging  from  2  to  11  hours,  while  the  extent  of 


*   SAREMP  Tech.  Report  U-6,  "Analysis  and  Control  of  Wet  Weather 

Sanitary  Flows". 
**  SAREMP  Tech.  Report  S-8,  op.  cit. 
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the  toxic  zone  will  average  2000  metres*.   In  light  of  the  bacterial 
contamination  that  would  otherwise  persist,  the  chlorine  toxicity 
caused  by  bypassing  is  considered  a  tolerable  situation  provided 
that  as  bypass  controls  take  effect,  the  frequency  of  these  events 
will  decline. 

5.4     Control  of  Sediment  Loadings 

Sediment  contamination  is  a  problem  through  the  growing  season 
because  of  phosphorus  associated  with  the  sediment.  Approximately 
one  third  of  this  phosphorus  is  available  to  aquatic  plants**. 
Moreover,  as  an  impediment  to  good  water  quality  and  effective 
drainage,  sediment  concentrations  and  loads  throughout  the  year  are 
important. 

The  assessment  of  remedial  measures  for  sediment  contamination  must 
focus  on  both  gross  erosion  and  delivered  sediment.  Neither  of 
these  values  alone  will  measure  loadings  that  may  reach  the 
tributary  drains  in  the  basin.  Gross  erosion  measures  the  total 
bulk  of  soil  that  is  moved  by  overland  flow.  This  material  may  or 
may  not  reach  downslope  channels.  Delivered  sediment  values  reflect 
materials  leaving  the  watershed  and  thus  do  not  reflect  deposition 
of  sediments  in  upstream  channels. 

Contributions  to  sediment  loads  are  described  in  Table  9. 
Management  measures  to  reduce  sediment  loads  deal  in  turn  with 
overland  erosion,  gully  erosion  and  streambank  erosion.  Detailed 
analyses  of  impacts  were  made  only  for  the  controls  of  overland 
erosion.  Gully  and  streambank  erosion  processes  are   too  diverse  and 
complex  to  model  successfully.  Moveover,  gully  erosion  is 
considered  to  be  essentially  a  local  problem.  This  is  not  the  case 
for  streambank  erosion  which  is  estimated  to  contribute  16%  of  the 
total  sediment  load  in  the  Avon  River***.  This  type  of  erosion 


*   Memorandum  from  M.  Fortin  to  C.  Schenk  on  Nov.  7,  1983  regarding 
the  decay  of  chlorine  residuals  in  the  Avon  River. 

**  SAREMP  Tech.  Report  S-12,  "Phosphorus  Bioavailability  of  the 
Avon  River". 

***  SAREMP  Tech.  Report  R-4,  "Identification  of  Priority  Management 
Areas  in  the  Avon  River". 
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TABLE  9:  SUSPENDED  SEDIMENT  LOADINGS  TO  THE 
AVON  RIVER  -  WET  WEATHER 


SOURCE 


LOADING  ESTIMATES  (tonnes) 
Annual    May  to  Sept. 


SOURCE  DOCUMENT 
REPORT  NO.* 


Overland  Erosion  6211 

Streambank  Erosion  1242 

WPCP  Bypass  no  data 

Storm  Sewer  Runoff  no  data 


no  data 

R-4 

no  data 

R-4(20%  of  over 

land  erosion) 

25 

U-6 

233 

U-7 

*  May  to  September  loading  estimates  are  given  for  urban  sources. 
The  total  loading  figure  is  therefore  low  and  percentage  values 
are  only  approximate. 
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PHOTO  12        GRASSED  WATERWAYS  ARE  AN  EFFECTIVE 
MEANS  OF  REDUCING  GULLY  EROSION 


could  be  largely  eliminated  by  appropriate  drain  maintenance  and 
construction  design  standards.  While  a  unit  cost  is  presented  for 
drainage  reconstruction  in  Table  5,  no  total  cost  is  given.  The 
reason  for  this  is  that  the  implementation  of  these  measures 
involves  modifying  existing  drain  maintenance  programs.  The  actual 
cost  of  a  new  program  should  be  measured  as  the  increase  in  cost 
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over  existing  programs.  It  is  not  clear,  though,  that  existing 
programs  are  in  fact  cheaper  in  the  long  run  than  the  one  being 
proposed  here. 

Estimates  of  the  impacts  of  overland  erosion  controls  are  provided 
in  Table  10.  These  controls  involve  modifications  in  crop 
management  practices.  In  addition  to  methods  listed  here, 
consideration  was  given  to  contour  farming  but  this  was  rejected 
since  areas  that  could  benefit  from  this  system  had  slopes  that  were 
too  complex  to  permit  farming  on  the  contour.  Cross-slope  farming 
and  the  use  of  crop  rotations  are  both  worthy  control  methods.  At 
the  present  time,  their  use  is  quite  common  in  the  basin  and  the 
scope  for  their  expansion  is  limited.  Spring  plowing  and 
conservation  tillage  have  similar  yield  impacts.  In  light  of  their 
respective  impacts  on  soil  loss,  conservation  tillage  is  by  far  the 
more  attractive.  It  is  noteworthy  that  the  estimated  erosion 
reduction  for  conservation  tillage  has  been  substantiated  with  field 
trials  conducted  in  SAREMP*. 

Targetting  of  control  efforts  to  erosion  prone  land  is  an  effective 
strategy  for  controlling  sediment  from  cropland.  Gross  erosion  and 
sediment  delivery  rates  depend  on  a  number  of  variables  including 
soil  type,  slopes,  land  use  and  proximity  to  a  stream.  In  one 
modelling  exercise  for  SAREMP,  unit  loads  of  suspended  sediments 
varied  between  0.0  and  108  tonnes  per  hectare**.  The  merit  in 
targetting  is  best  seen  in  Figure  12.  Here,  intensively  cropped 
lands  in  the  basin  are  ranked  according  to  unit  loads  of  sediment. 
By  treating  only  14%  of  the  land  area  shown  here,  it  is  possible  to 
deal  with  99%  of  the  sediment  load.  Conservation  tillage  on  this 
portion  of  land  may  cause  a  yield  loss  valued  at  $28,000  annually  or 
$19  per  tonne  of  sediment  kept  out  of  the  stream.  Conservation 
tillage  applied  to  the  remaining  area  would  cost  $177,500  annually, 
or  $6,600  per  tonne  of  sediment  kept  out  of  the  stream. 


*   SAREMP  Tech.  Report  R-14,  "Evaluation  of  Tillage  Demonstration 

using  Sediment  traps. 
**  SAREMP  Tech.  Report  R-4,  op.  cit. 
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TABLE  10:  OVERLAND  EROSION  CONTROLS  USING 
CROP  MANAGEMENT  METHODS 


METHOD 


IMPACTS* 


GROSS 
EROSION 


DELIVERED 
SEDIMENT 


COMMENTS 


%   Reductions- 


CROSS-SLOPE 


FARMING 

Annual  : 

9 

11 

-approximately  50% 
of  basin  croplands 

Spring: 

27 

27 

are  farmed  across 
the  slope 

CROP 

Annual  : 

8 

7 

-applicable  to  only 

ROTATIONS 

12%  of  croplands  in 

Spring: 

48 

48 

continuous  row  crops 

SPRING 

Annual  : 

no  data 

no  data 

-fall  plowing  is  the 

PLOWING 

common  practice  now 

Spring: 

32 

32 

CONSERVATION 

TILLAGE 

Annual  : 

24 

22 

-a  moldboard  plow  is 
the  conventional 

Spring: 

74 

74 

implement  now 

Annual  and  Spring  data  are  taken  respectively  from  SAREMP 
Technical  Reports  R-4  and  R-5. 
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Figure  12  :  CONTRIBUTIONS  OF  DELIVERED  SEDIMENT 
FROM  INTENSIVELY  CROPPED  LAND 
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5.5     Control  of  Bacterial  Contamination 

There  is  evidence  of  both  chronic  bacterial  contamination  and 
periodic  acute  contamination.  The  chronic  problem  originates  in 
rural  areas  from  the  mismanagement  of  livestock  and  manure.  Acute 
contamination  is  caused  by  sewage  bypass  and  by  manure  and  livestock 
sources  on  occasion.  The  Objective  for  fecal  coliforms  is  violated 
at  least  50%  of  the  time  and  at  some  stations  over  90%  of  the  time 
through  the  summer  period. 

The  bypass  inputs  are  only  periodic  but  they  are  substantial  when 
they  do  occur.  In  a  typical  summer  season  sewage  bypass  events 
occur  13  times.  Eight  of  these  events  include  raw  sewage 
bypassing.  The  longevity  of  pathogenic  bacteria  such  as  Psuedomonas 
aeruginosa  and  Salmonella  sp.  that  may  be  found  in  raw  sewage  is 
great  enough  that  contamination  caused  by  bypassing  would  persist 
beyond  the  mouth  of  the  Avon  River*.  This  source  of  contamination 
could  be  eliminated  by  bypass  flow  disinfection  using  chlorine. 

Bypass  chlori nation  would  result  in  severe  chlorine  toxicity  below 
the  treatment  plant  outfall.  This  would  be  a  periodic  problem  that 
would  become  less  frequent  as  bypass  controls  take  effect  (see 
section  5.3,2  above). 

Unlike  bacterial  loadings  from  the  treatment  plant,  livestock 
related  loadings  are  more  continuous  because  there  are  numerous 
loading  sites  contributing  to  the  river  system  throughout  the 
season.  Loading  sites  include  barnyards  on  the  flood  plain  and 
pastures  along  the  watercourses  which  allow  livestock,  primarily 
cattle,  access  to  the  stream  for  watering  and  crossing. 

Cattle  access  sites  number  36  in  the  basin**.  The  associated 
pasture  area  measures  312  hectares,  representing  24%  of  the  total 
pasture  area  in  the  basin.  Cattle  on  this  pasture  number  almost 
2,000.  Field  work  undertaken  in  SAREMP  provided  strong  evidence 
that  the  direct  fecal  contamination  of  water  at  cattle  access  sites 


*   Personal  Communication,  G,  Palmateer,  MOE,  London. 
**  SAREMP  Tech.  Report  R-19,  "An  Intensive  Water  Quality  Survey  of 
Stream  Cattle  Access  Sites". 
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was  a  significant  source  of  bacterial  contamination.  Water  quality 
samples  were  taken  at  the  upstream  and  downstream  ends  of  cattle 
access  sites.  The  increases  in  fecal  coliforms  that  occurred  in 
adjacent  downstream  areas  when  cattle  were  in  the  stream  are 
depicted  in  Figure  13. 

Bacterial  loadings  are  a  potential  health  hazard  to  both  humans  and 
livestock.  Such  loadings  can  be  eliminated  only  if  livestock  are 
not  permitted  to  enter  the  water.  The  control  alternative  of 
restricted  access,  while  it  may  help  to  prevent  bank  trampling  and 
erosion,  will  not  prevent  fecal  contamination  of  water  courses. 

Manure  storage  areas  and  feedlot  exercise  yards  are  another 
potential  source  of  bacterial  contamination.  These  were  not 
monitored  in  SAREMP.  Other  investigators  have  found  average  fecal 
coliform  densities  of  72  x  10  per  100  ml.  in  runoff  from  concrete 
surfaced  feedlots*. 


THOTO  12         ELIMINATING  CATTLE  ENTRY  INTO  STREAMS  IS 

NECESSARY  TO  PREVENT  BACTERIAL  CONTAMINATION 
AND  STREAMBANK  EROSION 


R.C.  Loehr,  "The  Impact  of  Animal  Wastes  on  Water  Resource 
Activities",  American  Water  Resources  Ass.  Proceeding,  Nov, 


1967. 
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Figure  13  :  MEAN  FECAL  COLIFORM  DENSITES 
AT  CATTLE  ACCESS  SITES 


SOURCE  :    SAREMP  Tech.  Report  R-19,  "An  Intensive  Water 
Quality  Survey  of  Stream  Cattle  Access  Sites" 
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6       THE  IMPLEMENTATION  OF  REMEDIAL  MEASURES 

6 . 1     Mandates  and  Responsibilities  of  Implementing  Agencies 

The  water  quality  management  strategy  proposed  for  the  Avon  River 
encompasses  agricultural  practices,  drainage,  river  valley 
reforestation,  water  pollution  control  plant  modifications  and  sewer 
repairs.  No  single  agency  has  a  mandate  covering  all  of  these 
components.  Institutional  involvement  in  instream  and  urban 
measures  is  relatively  straightforward,  while  for  the  rural  measures 
this  is  not  the  case. 

The  stream  shading  project  could  be  developed  by  either  the  Upper 
Thames  River  Conservation  Authority  or  the  Ministry  of  Natural 
Resources.  Both  of  these  agencies  are  currently  involved  in 
reforestation  and  valley  lands  management.  The  Ministry  of  Natural 
Resources'  interests  relate  to  fisheries  rehabilitation,  forest 
productivity  and  wildlife  habitat  for  which  there  is  limited 
potential  on  the  Avon  River*.  The  principal  responsibility  for 
coordinating  implementation  therefore  falls  to  the  Authority  which 
is  responsible  for  the  control  of  valley  lands  development.  It  is 
anticipated  that  the  Ministry  of  Natural  Resources  would  play  a 
supportive  role  in  implenenti ng  a  shade  tree  planting  project. 

The  City  of  Stratford  and  the  Ministry  of  the  Environment  are  the 
main  agencies  involved  in  the  implementation  of  urban  measures.  The 
Ministry  of  the  Environment  fulfills  a  regulatory  and  advisory  role 
in  the  installation  of  water  pollution  control  plant  modifications. 
The  city  is  responsible  for  initiating  design  and  construction  works 
in  accordance  with  Ministry  requirements,  as  expressed  in  a 
Certificate  of  Approval.  Should  SAREMP  recommendations  be  accepted 
by  the  Ministry  of  the  Environment,  then  it  is  likely  that  they 
would  form  the  basis  for  requirements  stated  in  a  Certificate  of 
Approval  issued  for  new  works  undertaken  at  the  Stratford  Water 
Pollution  Control  Plant. 


SAREMP  Tech.  Report  S-10,  "Fisheries  of  the  Avon  River" 
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Implementation  of  rural  remedial  measures  that  deal  with 
agricultural  practices  is  the  responsibility  of  farm  operators, 
while  recommendations  dealing  with  the  drains  are  the  responsibility 
of  the  townships.  Provincial  government  agencies  have  an  indirect 
involvement  with  the  implementation  of  these  recommendations.  This 
involvement  includes  a  certain  amount  of  regulatory  power  but  is 
manifested  primarily  in  programs  for  funding,  education  and 
promotion  (see  Table  11).  There  are  a  number  of  such  programs 
sponsored  by  various  agencies  who  all  have  an  interest  in  some  facet 
of  the  agricultural  pollution  problem.  The  extent  of  involvement  by 
various  agencies  reflects  the  fact  that  agricultural  pollution 
problems  are  closely  related  to  both  agricultural  productivity  and 
to  the  management  of  fish  and  wildlife  habitats. 

Jurisdiction  over  the  management  of  agricultural  pollution  is  not 
clearly  or  uniquely  defined.  From  Table  11,  it  is  evident  that  the 
Ontario  Ministry  of  Agricultural  and  Food  is  prominent  because  of 
its  interest  in  agricultural  productivity  and  involvement  in 
extension  services  for  farmers  and  funding  programs  for  farm 
investments.  The  Conservation  Authority  and  the  Ministry  of  Natural 
Resources  are  also  involved  in  funding  programs  and  rural  extension 
services  due  to  their  common  interest  in  water-related  land 
management.  The  Ministry  of  the  Environment's  responsibilities  lie 
exclusively  with  water  quality,  and  in  pursuing  this  interest  they 
have  the  strongest  available  regulatory  tools  at  their  disposal.  In 
light  of  this  diversity  of  involvement  and  interest,  implementation 
would  be  facilitated  by  the  establishment  of  an  interagency 
committee  to  oversee  the  delivery  of  programs  for  agricultural 
pollution  control.  In  that  the  Conservation  Authority  has  a 
political  jurisdiction  corresponding  to  watershed  boundaries  and  has 
a  mandate  encompassing  both  water  and  land  resource  management,  it 
is  well  suited  to  the  role  of  chairing  such  a  committee. 

The  regulatory  provisions  that  are  in  place  are  limited  in  scope  or 
in  power.  The  clearest  opportunity  for  control  of  an  agricultural 
source  of  pollution  is  afforded  by  control  and  stop  orders  that  the 
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Ministry  of  the  Environment  can  use  to  regulate  contamination  from 
manure  storage  facilities.  Beyond  this,  there  are  no  provisions  that 
can  be  used  to  control  such  practices  as  tillage  or  cattle 
pasturing.  Nor  is  it  clear  that  such  powers  would  be  effective, 
since  a  legal  approach  to  the  control  of  rural  diffuse  sources  may 
be  quite  difficult  to  implement.  The  difficulty  here  lies  in  the 
fact  that  diffuse  sources,  by  their  \/ery   nature,  are   pervasive  and 
individually  not  necessarily  \jery   significant.  Any  legal  approach 
relying  on  the  evidence  of  contamination  from  a  single  source  would 
unduly  favour  the  offender. 

The  alternative  to  enforcement  is  education  and  promotion  based  on  a 
cooperative  interaction  between  the  participating  agencies  and  the 
rural  community.  At  the  interagency  level,  rural  organizations  such 
as  the  Ontario  Federation  of  Agriculture  and  the  county  Soil  and 
Crop  Improvement  Association  could  be  called  upon  to  represent  the 
farmers'  interests.  Such  organizations  could  also  be  instrumental  in 
promotional  work. 

Interaction  at  the  farm  level  will  likely  continue  to  take  place 
through  the  extension  services  programs.  The  Ministry  of  Agriculture 
and  Food  has  a  long  standing  extension  program  dealing  with  a 
variety  of  agricultural  concerns.  The  Upper  Thames  River 
Conservation  Authority,  under  the  auspices  of  SAREMP  and  the  Thames 
River  Implementation  Committee,  has  provided  an  extension  service 
dealing  with  erosion  control  and  drainage.  Such  extension  programs 
must  be  continued  at  appropriate  funding  levels  if  agricultural 
pollution  controls  are  to  be  promoted. 

A  strong  base  of  technical  information  is  a  pre-requisite  for  an 
effective  extension  program.  This  requires  continued  research  into 
the  technology  and  impacts  of  agricultural  conservation.  It  also 
requires  that  information  be  made  available  to  extension  workers  in 
a  form  that  is  conducive  to  practical  applications.  For  instance, 
information  on  overland  erosion  in  Ontario  could  be  usefully 
summarized  in  a  soil  loss  handbook.  Technical  seminars  might  also  be 
used  for  technology  transfer  at  this  level. 
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The  recommendation  for  improved  maintenance  of  municipal  drains 
differs  from  other  rural  recommendations  in  that  it  addresses 
township  councils  and  their  drainage  engineers  rather  than  the  farm 
operator.  In  this  case  technical  seminars  and  an  extension  program 
can  play  a  valuable  role  in  promoting  sound  drainage  practices. 
Apart  from  this,  there  is  also  an  opportunity  to  apply  pressure  for 
compliance  with  improved  maintenance  and  construction  standards  for 
drains  through  the  administration  of  the  grant  system  under  the 
Drainage  Act. 

6.2     The  Distribution  of  Costs 

A  number  of  programs  that  are  now  in  place  provide  for  cost  sharing 
of  capital  costs  incurred  for  pollution  abatement.  Programs 
pertinent  to  the  implementation  of  remedial  measures  considered 
within  SAREMP  are  summarized  in  Table  12.  Using  information  in  this 
table,  cost  shares  were  estimated  for  the  remedial  measures  proposed 
in  this  report.  These  are  given  in  Table  13. 

Urban  costs  exceed  rural  costs  by  a  considerable  margin.  However,  on 
a  per  household  basis,  rural  costs  can  exceed  urban  costs  by  an 
order  of  magnitude.  Urban  costs  are  about  $  250  per  household  while 
rural  costs  are  highly  variable  but  can  be  in  the  thousands  for  a 
single  farm.  This  disproportion  in  per  capita  cost  shares  is  quite 
large  but  it  may  be  somewhat  misleading.  Certain  of  the 
agricultural  measures  produce  a  direct  benefit  for  the  farmer  as 
well  as  improving  water  quality.  For  example,  conservation  tillage 
will  help  preserve  the  top  soil,  while  improved  livestock  and  manure 
management  may  prevent  the  spread  of  livestock  disease  and  the  loss 
of  valuable  crop  nutrients  in  manure.  Urban  measures  do  not  generate 
direct  economic  benefits  of  this  sort  for  the  city  dweller. 

The  province's  cost  share  here  is  somewhat  misleading.  Cost  sharing 
with  property  owners  for  the  shading  project  could  shift  some  of  the 
associated  costs,  about  $20,000,  to  rural  residents.  Moreover,  the 
land  easement  costs  for  shading  are  \/ery   uncertain.  Finally,  income 
tax  provisions,  regular  municipal  grant  programs  and  federal  works 
programs  will  shift  some  of  the  indicated  rural  and  urban  costs  to 
the  province  and  the  federal  government. 
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TABLE  12:  COST  SHARING  PROGRAMS  FOR  CAPITAL  EXPENDITURES 


REMEDIAL 
MEASURE 

COST  SHARES: 
FARMERS 

STRATFORD 

PROVINCE 

COST  SHARING 
PROGRAMS 

Shade  Tree 
Planting 

(possible 
cost  sharing) 

100% 

UTRCA  reforestation 
efforts 

WPCP  Works 

- 

85% 

15% 

regular  MOE  funding 

Sewer  Repairs 

- 

100% 

- 

Conservation 
Tillage 

100% 

- 

- 

Cattle  Access 
Controls 

50% 

— 

50% 

Soil  Conservation  and 
Environmental  Protection 
Assistance  Program 

Manure 
Management 

33% 

— 

67% 

Soil  Conservation  and 
Environmental  Protection 
Assistance  Program 

Gully  Erosion 
Controls 

50% 

- 

50% 

Private  Lands  Assistance 
Program  (UTRCA  only) 

Maintenance  of 
Drains 

67% 

- 

33% 

Drainage  Act  grants 

TABLE  13:  COST  SHARING  FOR  PROPOSED  REMEDIAL  MEASURES 


FARMERS 


STRATFORD 


PROVINCE 


INSTREAM  MEASURES 
URBAN  MEASURES 
RURAL  MEASURES 
TOTAL 


677,000 
677,000 


1982/83  dollars- 

2,457,000 
2,457,000 


250,000 
317,000 
111,000 
678,000 


Notes:  -Costs  for  drainage  maintenance,  gully  erosion  controls 

and  sewer  repairs  are  not  included. 
-Costs  are  based  on  values  in  Table  5  and  Appendix  1, 

operating  and  maintenance  costs  are   capitalized  using 

a  7%  rate  of  interest. 
-Annual  costs  are  assumed  to  be  incurred  entirely  by  the 

farmer  (conservation  tillage)  or  the  city  (WPCP  systems) 
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6.3      Public  Reaction  to  SAREMP  Reconmendations 

The  public  response  to  SAREMP  recommendations  was  evaluated  by  two 
means,  A  brochure  containing  a  mail-back  questionnaire  was  mailed 
out  to  eyery   rural  household  and  approximately  70%  of  Stratford 
households.  Total  mailing  for  the  brochure  exceeded  7,000.  The 
enclosed  questionnaire  queried  the  attitude  of  basin  residents  to 
each  of  the  recommendations.  The  same  brochure  also  invited  basin 
residents  to  one  of  three  open-house  meetings  held  across  the  basin. 
At  these  meetings,  staff  from  SAREMP,  the  Ministry  of  the 
Environment,  the  Conservation  Authority  and  other  agencies  presented 
study  findings  and  recommendations  and  then  responded  to  questions 
and  comments  from  those  persons  in  attendance.  Questions  and 
concerns  expressed  at  these  meetings  were  recorded. 

Public  involvement  in  both  the  questionnaire  and  the  meetings  was 
minimal.  The  mail-back  rates  for  the  rural  and  urban  questionnaires 
were  respectively  4%  and  0.4%.  About  10%  of  the  rural  population 
attended  the  two  rural  meetings,  while  less  than  0.1%  of  the  urban 
population  attended  the  meeting  in  the  City  of  Stratford.  The  low 
urban  participation  rates  were  to  be  expected  considering  that  no 
prominent  environmental  issues  were  at  stake.  The  somewhat  higher 
participation  for  the  rural  population  probably  reflects  a  vested 
rural  interest  in  diffuse  source  controls  and  agricultural  pollution 
in  general. 

Responses  to  the  questionnaire  must  be  interpreted  with  some  caution 
since,  at  the  time  of  its  preparation,  cost  data  were  not  available 
for  inclusion  in  the  brochure.  Responses  were  made  without  the 
benefit  of  this  vital  information.  This,  may  in  part  explain  the 
highly  favourable  responses  received  for  all  of  the  recommendations. 
Generally,  less  than  10%  of  the  respondents  expressed  disfavour  with 
any  of  the  recommendations.  Recommendations  for  shade-tree 
plantings  and  for  control  of  sewage  bypassing  in  particular  were 
strongly  supported.  There  were  concerns  expressed  about  the  economic 
impact  of  certain  rural  recommendations  (even  though  costs  were  not 
itemized)  and  about  the 
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ease  with  which  these  could  be  implemented.  A  number  of  farmers  were 
very  reluctant  about  limiting  cattle  access  to  streams,  though  the 
majority  seemed  to  favour  it. 

Concerns  expressed  at  the  open-house  meetings  were  similar  to  those 
expressed  in  the  questionnaire  responses.  Most  questions  dealt  with 
the  clarification  of  technical  details.  Costs  were  fully  specified 
at  these  meetings  and  these  prompted  a  number  of  comments.  There  was 
a  feeling  that  benefits  to  farmers  would  have  to  be  clearly 
demonstrated  before  rural  recomnendations  would  be  implemented. 
There  was  some  concern  regarding  the  use  of  legal  authority  to 
enforce  these.  High  costs  for  certain  water  pollution  control  plant 
modifications  prompted  some  urban  residents  to  question  the  benefits 
to  be  derived  for  proposed  works.  Once  again,  there  was  a  general 
consensus  that  bypassing  of  untreated  sewage  to  the  Avon  River 
should  not  be  allowed. 


84  - 


APPENDIX  1-  DESCRIPTIONS 
OF  REMEDIAL  MEASURES 

Introduction 

A  number  of  remedial  measures  are  presented  in  Section  5.1  above. 
These  measures  are  briefly  described  below.  More  complete 
descriptions  are  provided  in  a  number  of  SAREMP  technical  reports, 
identified  by  the  numbers  in  brackets  after  each  remedial  action 
listed  below.   Information  regarding  these  technical  reports  can  be 
obtained  from: 

Ontario  Ministry  of  the  Environment 

985  Adelaide  Street  South, 

London,  Ontario    N6E  1V3 

Instream  Measures 

WEIR  AERATION  (S-5):  Small,  permanent  weirs  could  be  installed  at 
suitable  locations  along  the  Avon  River  below  Stratford. 
Topography  would  limit  weir  height  to  0.5  meters  in  order  to 
limit  the  size  of  the  upstream  impoundment.  Stream  aeration 
rates  will  decline  behind  the  weir  due  to  reduced  flow 
turbulence  but  would  be  increased  at  the  weir  crest.  Cost  of  a 
single  structure  is  at  least  $16,000  and  land  costs  may  be  about 
$2,500.  Four  suitable  weir  sites  were  identified  below  Stratford 
while  more  than  this  are  required  to  correct  dissolved  oxygen 
problems. 

OXYGEN  INJECTION  {S-4):  Liquid  oxygen  is  injected  into  a  small 
portion  of  the  streamflow  that  is  diverted  from  the  river 
through  injection  apparatus.  This  supersaturated  flow  is  then 
returned  to  the  river  to  raise  depressed  oxygen  levels.  A 
single  installation  includes  piping,  pumps,  injection  equipment, 
liquid  oxygen  tanks,  monitors  and  housing.  Frequent  servicing 
is  needed.  The  capital  cost  for  a  single  installation  is 
$18,900.  Operating  and  maintenance  costs  per  site  are  $7,100 
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over  the  growing  season.  Injection  sites  must  be  located  at  road 
crossings  for  accessibility.  Stream  impacts  last  for  1,000 
meters.  This  means  that  at  least  18  sites  are  needed  while  only 
8  road  crossings  exist. 

STREAM  CHANNELIZATION  (S-7):  Excavation  of  the  channel  below 

Stratford  would  alter  its  configuration  from  a  broad,  shallow 
stream  to  a  narrow,  deeper  stream.  The  greater  depth  would 
prevent  aquatic  plant  growth  by  limiting  light  that  reaches  the 
streambea.  Desired  depth  is  1.0  meter.  The  spoil,  amounting  to 
54,000  m  in  total,  could  likely  oe  used  to  shape  new  banks. 
This  project  would  severely  disrupt  the  existing  ecosystem. 
Excavation  costs  are  about  $30/m  (U-8). 

SHADE  TREE  PLANTING  (S-15):  Planting  of  water  tolerant  trees  such  as 
black  willow  along  both  banks  would  provide  shade  to  the  river 
once  the  trees  are  mature.  Light  reduction  by  shading  can 
reduce  aquatic  plant  growth  by  50%  to  80%.  This  is  a  long-term 
project  requiring  an  intensive  reforestation  effort  to  overcome 
hazards  such  as  ice  damage  that  occur  on  the  floodplain.  Black 
willows  can  reduce  light  by  about  74%  while  maples  provide  82% 
shading.  Total  cost  for  a  minimum  planting  program  involving 
land-use  easements  could  amount  to  $250,000.  Planting  costs 
above  are  $41,000. 

HERBICIDE  INJECTION  (S-7):  Control  of  aquatic  plant  growth  might 
be  accomplished  by  herbicides  injected  into  the  stream. 
Insuring  sufficient  contact  time  with  plants  may  be  a  problem, 
calling  perhaps  for  multiple  injections.  Unwanted  toxic  impacts 
would  be  hard  to  control.  Herbicide  injection  would  cost 
$12,000  per  year. 

PLANT  HARVESTING  (S-7):  Periodic  mechanical  harvesting  would  be 
another  way  to  reduce  aquatic  plant  growth.  Harvesting  would 
severely  disrupt  the  stream  environment.  The  harvesting 
equipment  would  cost  between  $225,000  and  $665,000. 
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FLOW  AUGMENTATION  {S-13):  This  approach  would  entail  increasing 

the  stream  baseflow  using  local  ground  water  supplies.  Ground 

water  chemistry  is  compatible  with  and  generally  better  than 

stream  water  chemistry  in  the  Stratford  area.  Augmentation  of 

0.1  m  /sec.  is  feasible.  Test  drilling  for  supply  wells  would 

cost  $10,000  per  well.  The  cost  for  well  development  and 

operation  is  not  known.  The  augmentation  level  required  to 

reduce  phosphorus  concentrations  to  levels  that  would  limit 

3 
aquatic  plant  growth  is  0.7  m  /sec. 


Urban  Measures 

Unless  otherwise  indicated,  costs  for  water  pollution  control  plant 
measures  described  below  are  taken  from  the  pollution  control  plant 
design  report  for  Stratford  (Dillon  Consulting  Engineers,  June 
1983),  and  from  Ministry  of  the  Environment  files  (M.  Bell, 
Southwest  Regional  offices,  London)*. 

ADVANCED  PHOSPHORUS  REMOVAL  (U-4):  The  pollution  control  plant 
currently  practices  tertiary  phosphorus  removal  using 
single-stage  alum  injection  into  the  secondary  effluent. 
Combined  with  sand  filtration,  this  achieves  a  tertiary  quality 
of  0.3  mg/L  total  phosphorus.  It  was  demonstrated  that 
two-stage  alum  injection  could  further  reduce  phosphorus 
concentrations  to  0.1  mg/L.  Additional  piping,  injection  and 
storage  facilities  would  cost  $25,000.  Annual  operating  costs 
would  be  $11,500  assuming  operation  only  through  the  May  to 
September  period. 

BYPASS  CONTROLS  (U-6) 

a)  REPAIR  SANITARY  SEWERS:  During  wet  weather,  runoff  and  ground 
water  enter  sanitary  sewers  through  interconnections  with  storm 
sewers  and  through  leaks  and  breaks  in  the  sanitary  sewers.  The 


Memorandum  from  M.  Fortin  to  C.  Schenk,  re.  Stratford  water 
pollution  control  plant  costing,  Nov.  5,  1983. 
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augmented  sanitary  flows  can  exceed  the  hydraulic  capacity  of 
treatment  systems.  Such  flooding  episodes  cause  bypassing  of 
undisinfected  raw  and  primary  sewage  directly  into  the  river. 
These  bypass  flows  are  contaminated  with  bacteria,  ammonia, 
phosphorus  and  oxygen  demanding  materials.  This  flooding  could 
be  controlled  by  repairing  sewers  and  by  removing  sanitary/ storm 
sewer  interconnections.  Reliable  costs  cannot  be  forecasted  for 
sewer  repairs  at  this  time. 

b)  STORAGE  TANKS  AT  THE  WATER  POLLUTION  CONTROL  PLANT:  It  is 

unlikely  that  sewer  repairs  by  themselves  would  ever  completely 

control  bypassing  during  wet  weather.  Another  remedial  measure 

providing  additional  control  entails  the  use  of  storage  tanks  at 

the  WPCP  inlet.  These  tanks  could  serve  two  functions.  During 

wet  weather  events  they  could  be  used  to  store  sewage  flows  that 

exceed  treatment  capacity.  Stored  sewage  would  be  treated  after 

influent  flows  subside.  On  a  daily  basis  the  storage  tanks  could 

be  used  to  regulate  or  equalize  the  normal  diurnal  cycle  of 

sewage  flows  in  order  to  increase  treatment  stability  and 

3 
efficiency.  Additional  storage  capacity  of  3,150  m  is 

required.  This  would  cost  $940,000  to  install  and  $13,000/year 

to  operate  and  maintain. 

EXPAND  AERATION  CAPACITY  (U-1):  Secondary  sewage  treatment  entails 
biological  digestion  of  sewage.  In  the  liquid  phase,  this  is 
accomplished  in  a  controlled  environment  provided  by  aeration 
tanks.  The  principal  function  of  aeration  systems  is  the 
oxidation  of  carbonaceous  and  nitrogenous  materials.  This 
reduces  the  dissolved  oxygen  stress  imposed  by  sewage  effluents 
on  receiving  waters  and  it  reduces  concentrations  of  toxic 
substances  such  as  ammonia.  The  Stratford  system  behaves 
erratically  due  to  stresses  caused  by  high  flows  during  wet 
weather.  A  capacity  expansion  to  redress  this  would  have  a 
capital  cost  of  $725,000  and  annual  operating  and  maintenance 
costs  of  $22,000. 
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DECHLORINATION  {U-8):  The  toxic  chlorine  residual  in  chlorinated 
tertiary  effluent  can  be  greatly  reduced  by  neutralizing  the 
residual  chlorine  using  sulphur  dioxide.  Chlorination/ 
Dechlorination  systems  use  elaborate  controls  based  on  effluent 
monitoring.  Use  of  this  system  would  require  a  new  disinfection 
facility.  The  capital  cost  would  be  $210,000  and  the  annual 
operating  and  maintenance  cost  for  seasonal  operation  would  be 
$18,200. 

ULTRAVIOLET  DISINFECTION  (U-8):  Tertiary  effluent  can  be 

disinfected  using  ultraviolet  light.  The  principal  benefit  of 
this  method  is  that  no  chemical  residues  are  left  in  the 
effluent.  Ultraviolet  light  disinfection  for  the  Stratford 
plant  has  a  capital  cost  of  $300,000  and  seasonal  operating  and 
maintenance  cost  of  $8,500.  - 

BYPASS  CHLORINATION  (U-8):  Chlorination  is  the  only  reliable  means 
of  controlling  the  bacterial  contamination  from  bypass  flows.  In 
the  event  that  a  new  facility  is  constructed  for  tertiary 
disinfection,  the  existing  chlorination  facility  could  be 
adapted  for  use  in  bypass  disinfection.  The  associated  capital 
cost  would  be  $120,000.  This  cost  covers  modifications  to 
chlorination  facilities.  Operating  and  maintenance  costs  would 
be  $5,700  per  year. 

STREET  SWEEPING  WITH  VACUUM  TRUCKS  (U-7):  Currently,  broom  trucks 
are  used  for  street  cleaning.  Vacuum  truck  cleaning  is  more 
effective  in  removing  fine  materials  which  carry  the  bulk  of 
phosphorus  and  other  contaminants.  Urban  storm  water  runoff 
pollutant  loadings  could  be  reduced  with  a  cleaning  program 
using  vacuum  trucks.  The  annual  cost  of  such  a  program  would  be 
$100,000.* 


*  Personal  communication,  T.  Crozier,  P.  Eng.,  City  of  Stratford, 
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STORAGE  PONDS  FOR  STORM  WATER  RETENTION  (U-7):  Storm  water 

retention  ponds  can  effectively  entrap  sediment  in  wet  weather 
runoff  from  storm  sewers.  These  ponds  can  control  small  storm 
events  which  generate  the  larger  fraction  of  storm  water 
pollutant  loadings.  In  Stratford,  land  requirements  for  storage 
ponds  cannot  be  readily  met. 

ROOF  LEADER  DISCONNECTIONS  (U-5):  Up  to  1700  buildings  in  Stratford 
have  roof  leaders  that  outlet  to  the  sanitary  sewers  via  footing 
drains.  This  allows  direct  entry  of  roof-top  runoff  into 
sanitary  sewers.  These  leaders  could  be  disconnected  and 
provided  with  surface  outlets  at  an  average  cost  of  $256  per 
household. 

Rural  Measures 

CONSERVATION  TILLAGE  (R-4,  R-5,  R-12,  R-14,  R-18):  The  moldboard 
plow  is  the  conventional  tillage  implement  in  Southern  Ontario. 
It  leaves  a  bare  soil  surface  that  is  susceptible  to  erosion. 
Alternative  tillage  implements  have  been  developed  that  do  not 
bury  all  of  the  plant  residues.  Residue  remaining  on  the 
surface  enhances  infiltration  of  rain  and  slows  runoff  flow 
velocity.  Erosion  is  thereby  reduced.  Conservation  tillage 
implements  range  in  cost  from  $2,000  to  $15,000.  One  implement, 
the  chisel  plow,  tends  to  reduce  corn  yields  by  5%  on  silt  and 
clay  loam  soils.  The  short-term  cost  of  this  impact  ranges 
between  $11  and  $42  per  hectare  depending  on  the  crop  system. 
On  severely  eroded  soils  however,  yield  losses  ranging  from  13% 
to  56%  have  been  measured*.  Under  such  circumstances, 
conservation  tillage  will  help  sustain  productivity  by  enhancing 
soil  structure  and  slowing  soil  loss. 


*   L.A.  Battiston  and  M.H.  Miller,  Soil  Erosion  and  Corn  Yield  in 
Ontario,  University  of  Guelph,  Guelph,  Ontario,  1983. 
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Certain  conservation  tillage  systems  also  reduce  energy 
requirements  and  improve  the  timeliness  of  field  operations. 
These  factors  offset  the  cost  of  yield  impacts.  Alternative 
implements  such  as  modified  moldboard  plows  or  implements  based 
on  ridge  planting  do  not  seem  to  have  an  adverse  yield  impact  on 
yields  in  tests  conducted  in  Ontario. 

SPRING  TILLAGE  (R-5,  R-12):  Spring  tillage  reduces  erosion  by 

leaving  the  soil  in  an  undisturbed  state  throughout  the  spring 
freshet.  It  has  a  yield  impact  that  is  comparable  to  that  of 
conservation  tillage. 

CROSS-SLOPE  AND  CONTOUR  FARMING  (R-4,  R-5,  R-18) :  Furrows  and 

ridges  created  during  primary  tillage  can  act  to  channel  water 
if  aligned  with  the  slope.  When  they  cut  across  the  slope  they 
impede  the  runoff  flow  of  water  and  can  reduce  erosion. 
Cross-slope  farming  means  using  straight  rows  that  cut  across 
the  main  slope  of  a  field.  Contour  farming  means  curving  the 
crop  row  so  that  it  is  always  perpendicular  to  field  slope. 
Cross-slope  farming  is  widely  practiced  in  the  basin  while 
contour  farming  is  not  feasible  in  areas  where  it  is  needed 
because  slopes  are  too  complex.  Converting  to  these  farming 
systems  is  estimated  to  cost  $12  per  hectare. 

CROP  ROTATIONS  (R-4,  R-5,  R-18):  Row  crops  such  as  corn  provide 
little  protective  vegetative  cover  to  the  soil  during  critical 
periods  of  the  year.  Close  growing  crops  like  grains  or  forage 
are  much  better  in  this  respect  and  are  less  erosion-prone  as  a 
result.  Continuous  row  crop  systems  can  be  converted  to  cash 
crop  rotation  systems  to  take  advantage  of  the  soil  saving 
property  of  close  growing  crops.  The  dollar  impact  of  such  a 
change  would  range  from  a  $14  per  hectare  loss  to  a  $13  per 
hectare  gain  depending  on  the  rotation  used  and  the  response  of 
crops  to  soil  improvements  engendered  by  the  rotation. 

ELIMINATE  CATTLE  ACCESS  TO  WATERCOURSES  (R-8,  R-19): 

Cattle  and  other  livestock  are  frequently  allowed  access  to 
drains  and  streams  for  watering  and  crossing  purposes.  Direct 
fecal  contamination  and  streambank  trampling  and  erosion  are  the 
results  of  this  activity.  Crossings  can  be  modified  to  prevent 
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streambank  trampling,  or  they  can  be  eliminated  altogether.  In 
the  latter  case,  alternate  watering  and  crossing  facilities  may 
be  required.  In  SAREMP  demonstration  projects  on  rural  drains, 
access  controls  ranged  in  cost  from  $600  to  $1200. 

CONTROL  RUNOFF  FROM  FEEDLOTS  AND  MANURE  PILES  (R-3,  R-15):  Rain  or 
snow-fed  runoff  from  manure  in  barnyards  and  manure  storage 
areas  can  carry  pollutants  into  streams.  Berms,  concrete 
retention  walls,  eavestroughing  on  barns  and  enclosed  manure 
storage  facilities  can  stop  this  source  of  contamination.  A 
SAREMP  demonstration  of  improved  manure  handling  cost  $3,800. 
New  manure  storage  facilities  such  as  liquid  tanks  can  cost 
$12,000  to  $18,000*.  In  the  Avon  Basin,  there  are  49  feedlots 
and  26  manure  storage  sites  within  close  proximity  of  water- 
courses. 

WATERWAY  MANAGEMENT  (R-7):  Overland  runoff  tends  to  be  concentrated 
in  natural  draws  and  depressions.  Here,  the  flow  volumes  and 
velocities  can  be  very  erosive,  opening  gullies  in  a  matter  of 
hours.  Gullying  can  be  prevented  by  providing  a  soil  cover  in 
waterways.  This  may  entail  mulches  and  crop  residues  or,  where 
more  protection  is  needed,  it  could  mean  establishing  in 
permanent  grassed  waterway  with  subsurface  tiles  to  carry  some 
of  the  runoff  flow.  Grassed  waterways  constructed  by  SAREMP 
entailed  an  average  cost  of  $5.40  per  meter  of  waterway  length. 

DRAIN  MAINTENANCE  (R-6):  Like  gully  erosion,  streambank  erosion 
controls  were  extensively  demonstrated  in  SAREMP.  Drains  were 
reconstructed  using  criteria  published  in  the  booklet, 
"Practical  Guide  for  Municipal  Drains"**.  These  criteria 
governed  the  choice  of  side  slopes  and  specified  means  for 
outletting  tile  drains  and  protecting  newly  shaped  drain  banks. 
An  important  component  of  the  drainage  work  was  the  use  of 
fencing  and  structures  to  limit  livestock  access  to  drains. 
SAREMP  demonstrations  of  proper  drainage  maintenance  practices 
involved  a  total  unit  cost  of  $3.80  per  meter  of  drain  length. 


*   Personal  communications,  N.  Bird,  OMAF,  Stratford  office. 


** 


Thames  River  Implementation  Committee,  1981. 
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APPENDIX  2  -  REPRESENTATION  ON 
SAREMP  COMMITTEES  (AS  OF  MARCH  31,  1981) 
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Mr.  D.  A.  McTavish,  (Chairman) 
Regional  Director 
Southwestern  Region 
Ministry  of  the  Environment 
985  Adelaide  St.  South 
London,  Ontario   N6E  1V3 

Mayor  T.  Blowes 

City  of  Stratford 

City  Hall 

1  Wellington  Street 

Stratford,  Ontario   N5A  2Ll 

Mr.  W.  J.  Tuer 

Township  of  Oownie 

R.R.  ffS 

Stratford,  Ontario   N5A  6S4 

Mr.  A.  Home 

Township  of  North  Easthope 

R.R.  #1 

Gadshill,  Ontario   NOK  IJO 

Mr.  W.  MacDougald 

Perth  County  Federation  of  Agriculture 

R.R.  ffl 

Fullarton,  Ontario   NOK  IHO 

Mr.  J.  A.  Stephen 

Upper  Thames  River  Conservation  Authority 

P.O.  Box  6278,  Station  D 

London,  Ontario   N5W  5S1 
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Mr.  D.  N.  Jeffs,  Director 

Water  Resources  Branch 

Ministry  of  the  Environment 

1  St.  Clair  Avenue  West,  4th  Floor 

Toronto,  Ontario   M4V  1K6 

Mr.  Alfred  Kipfer 

Perth  County  Soil  and  Crop  Improvement  Association 

R.R.  #5 

Brunner,  Ontario   NOK  ICO 

Mr.  N.  D.  Patrick,  Regional  Director 
Ministry  of  Natural  Resources 
1106  Dearness  Drive 
London,  Ontario    N6E  1N9 

Mr.  J.  Arnold 

Plant  Industry  Branch 

Ministry  of  Agriculture  and  Food 

Guelph  Agriculture  Centre 

P.O.  Box  1030 

Guelph,  Ontario   NlH  6Nl 

Management  Committee 

Mr.  C.  F.  Schenk,  (Chairman) 
Southwestern  Region 
Ministry  of  the  Environment 
985  Adelaide  Street  South 
London,  Ontario  N6E  1V3 

Dr.  P  Seto 

Water  Supply  and  Pollution  Control  Section 

Ministry  of  the  Environment,  Water  Resources  Branch 

40  St.  Clair  Avenue  West 

Toronto,  Ontario  M4V  1M2 

Dr.  V.  G.  Milne 
Deputy  Regional  Director 
Ministry  of  Natural  Resources 
1106  Dearness  Drive 
London,  Ontario   N6E  1N9 

Mr.  R.  Phillips 

City  Engineer 

City  of  Stratford 

City  Hall 

1  Wellington  Street 

Stratford,  Ontario   N5A  2L1 

Mr.  S.  E.  Sal  bach 
Quality  Protection  Section 
Water  Resources  Branch 
Ministry  of  the  Environment 
1  St.  Clair  Avenue  West 
Toronto,  Ontario   M4V  1K6 
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Mr.  D.  R.  Pearson 

Upper  Thames  River  Conservation  Authority 

P.O.  Box  6278,  Station  D, 

London,  Ontario   N5W  5S1 

Mr.  J.  Arnold 

Plant  Industry  Branch 

Ministry  of  Agriculture  and  Food 

Guelph  Agriculture  Centre 

P.O.  Box  1030 

Guelph,  Ontario   NlH  6N1 

Mr.  M.  Fortin 

Program  Co-ordinator 

Stratford-Avon  River  Environmental  Management  Project 

11  Grey  Street 

Guelph,  Ontario   NlH  5K5 

Stream  Management  Sub-Committee 

Mr.  D.  M.  Veal ,  (Chairman) 
Ministry  of  the  Environment 
985  Adelaide  St.  South 
London,  Ontario   N6E  iV3 

Mr.  A.  Bacchus 
Quality  Protection  Section 
Water  Resources  Branch 
Ministry  of  the  Environment 

I  St.  Clair  Avenue  West 
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Upper  Thames  River  Conservation  Authority 
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London,  Ontario   N5W  5S1 
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Wastewater  Treatment  Section 

Laboratory  Services  and  Applied  Research  Branch 

P.O.  Box  213 

Rexdale,  Ontario  M9W  5L1 
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Wingham  District 

Ministry  of  Natural  Resources 

P.O.  Box  490 

Highway  No.  4  South 
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Mr.  M.   Fortin 

Project  Co-ordinator 

Stratford-Avon  River  Environmental  Management  Project 

II  Grey  Street 
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Urban  Sub-Committee 

Mr.  G.  Zukovs,  (Chairman) 
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Ministry  of  the  Environment 
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Ontario  Ministry  of  Agriculture  and  Food 

413  Hibernia  Street 
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